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Environmental Cancers: 


A Review 


W. C. Hurper 


(National Cancer Institute, United States Public Health Service, Federal Security Agency, Bethesda, Md.) 


Although the knowledge of an environmental 
causation of human cancer is much older than that 
of the exogenous origin of infectious diseases, there 
exists a striking, if not alarming, contrast between 
the extent to which this information has been put 
to scientific and practical use in the study and 
control of these two important groups of diseases. 
In the attack on the infectious diseases the main 
efforts were expended on the discovery of the specif- 
ic causative agents and on their subsequent elimi- 
nation from the external and internal human 
environment by appropriate preventive, prophy- 
lactic, and therapeutic measures. Interest in the 
endogenous properties of the host, as represented 
by heredity, constitution, aging processes, race, 
and sex, in determining the development and 
course of infectious diseases did not, as a rule, 
assume a dominating character. These factors were 
recognized as having mainly a modifying, but not 
a causal role, by exerting a certain influence on 
individual susceptibility to the pathogenic micro- 
organisms and on the course of the disease. The 
investigation of the anatomic and biologic proper- 
ties on the various reaction products, particularly 
those of chronic granulomatous nature, remained 
usually a less important side issue in devising 
effective control measures. 

The investigations directed against human 
cancer, on the other hand, paid relatively little 
attention to the factual evidence of its established 
environmental causation, but concentrated first 
on the various morphological aspects of cancer and 
cancer cells and, more recently, on the biochemical 
and biophysical properties of cancer tissue. Can- 
cer was, and still is, considered by many investiga- 
tors a distinct disease entity and is not regarded 
as an atomic reaction product to a large number of 
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diverse chemical and physical agents. It has been 
for the same reason that the rather diffuse etiologic 
concepts of physiologic aging and heredity have 
enjoyed a much greater and much more lasting 
appeal than the much more definite and reliable 
observations on the diverse exogenous causes of a 
considerable variety of human cancers. 


HEREDITY 


Since, in a recent discussion of the age aspects of 
environmental and occupational cancers (15) the 
fundamental fallacy of this concept as to the 
majority of human cancers was discussed in detail, 
it remains to point out that a similar situation 
seems to prevail as to the validity of the heredity 
theory. Conclusions drawn from selectively inbred 
strains of mice, a notorious biologic artifact with- 
out parallel in nature, have been instrumental in 
giving to hereditary factors an exaggerated and 
distorted significance as immediate causes of 
human cancer. While it may be conceded that 
there exist a few rare cancers which display 
hereditary tendencies, at least one of them (cancer 
of the skin in xeroderma pigmentosum) depends in 
its causation on the primary action of an exoge- 
nous agent. Although xeroderma pigmentosum is 
due to an inherited hypersensitivity to solar radia- 
tion prevalent among some inbred family groups, 
this fact would scarcely justify the conclusion that 
the ordinary type of solar cancer of the skin is pri- 
marily an inherited manifestation of the host 
organism which is activated by an exposure to 
solar rays. Such an inversion or perversion of 
normal reasoning would have to disregard the 
fundamental fact that without solar radiatjon 
there is no cancer, irrespective of the constitution 
of the individual. 

The allegation that hereditary factors based on 
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prolonged inbreeding play an important causal 
role in the production of the lung cancers among 
miners of radioactive ore in Schneeberg and 
Joachimsthal (Vesin [39]; Macklin [27]; Lorenz 
[26]) represents another example of the rather 
loose speculations which have been advanced to 
bolster the cause of the heredity theory. Apart 
from the fact that none of the various proponents 
has offered any concrete evidence in support of 
such a claim, any significant degree of inbreeding 
in a community of about 10,000 inhabitants 
(Schneeberg) having a railroad station for many 
years would indeed represent a most remarkable 
biologic and sociologic feat. This speculation ad- 
vanced by investigators remote from these opera- 
tions has no basis in fact according to German in- 
vestigators.! 

The occasional occurrence of lung cancers in 
several members of the same family working in 
these mines certainly cannot be regarded as proof 
of a hereditary liability. Similar observations of a 
familial appearance of skin (scrotal) cancers were 
reported from England during the past century in 
families of chimney sweeps. Such familial cancers 
were obviously caused by an occupational or en- 
vironmental exposure to soot by several members 
of such families without necessitating the assump- 
tion of a common hereditary susceptibility. 

The high rates of attack of several environmen- 
tal cancers rather clearly indicate that heredity 
evidently plays a relatively insignificant role in 
their production (cancer of the lung in 75 per cent 
of miners employed in radioactive mines—Baader 
[3]; Hueper [16]; cancer of the bladder in almost 
100 per cent of dye workers following highly exces- 
sive and prolonged exposure to certain aromatic 
amines—Goldblatt [11]; Mueller [32]; Gross [12]; 
Hueper [17]; cancer of the skin in 100 per cent of 
workers with contact with pitch for more than 40 
years—Sladden [35]). 

It is likely, however, that such an almost com- 
plete obliteration of individual inherited or ac- 
quired constitutional differences in susceptibility 
to exogenous carcinogens occurs only in the pres- 
ence of an overwhelming, high intensity exposure. 
Whenever groups of individuals become exposed to 
carcinogens of low potency or sustain exposures of 
low intensity and duration, there appears evidence 
indicating variations in the speed and character of 
the individual responses to the environmental 
carcinogen. A constitutional influence evidently 


1 None of the numerous German workers mentioned in their 
papers the occurrence of inbreeding in the mining population 
of the Erzgebirge and Linzbach in answer to a recent inquiry 
stated that nothing is known among German scientists in this 
respect. 


controls the susceptibility of different races to 
solar cancer of the skin, to which light-pigmented 
individuals are much more liable than dark- 
pigmented individuals. The effect of this racial 
difference in reactivity to the carcinogenic action 
of the ultraviolet radiation from solar sources is 
reflected not only in a lower incidence of skin 
cancer in Negroes than in whites, but also in a 
different topographical distribution of the skin 
cancers observe in the two racial groups. While 
skin cancers in whites are mainly located in the 
skin of the exposed parts of the head, neck, and 
upper extremities, those observed in Negroes are 
predominantly situated in the usually covered 
parts of the body and the lower extremities (31). 

Since arsenical cancers not infrequently involve 
the unexposed parts of the skin, it is reasonable to 
conclude from the above evidence that the varia- 
tions in the topographical distribution of skin 
cancers in whites and Negroes are, in part, due to 
differences in causal agents active in the produc- 
tion of these cancers. 

It is unwise, however, to generalize or overem- 
phasize the role of racial factors in the causation of 
environmental cancers. Although primary hepatic 
cancer incidence is high among West African 
Negroes, their American descendants do not dis- 
play any such tendency (Berman [5]), indicating 
thereby that not racial or hereditary factors but 
environmental factors are underlying the African 
experience. Likewise, it can be considered as 
established that the absence of penile cancer 
among Jews and the high liability of Chinese to 
this type of malignant tumor do not depend upon 
race-conditioned constitutional differences, but are 
mainly the result of differences in personal hy- 
giene, especially the circumcision practiced at an 
early age by the Jews. There thus exist not only 
“environmental familial cancers,” but also ‘“‘en- 
vironmental racial cancers,” which have no rela- 
tion to heredity. 


SEx 


Differences in the sex distribution of cancers af- 
fecting several organs (lip, mouth, larynx, bronchi, 
skin, and bladder) have given rise to the concept 
of a sex-conditioned susceptibility to certain 
cancers. Observations on environmental cancers 
lend no substantial support to such a theory. 
Cancer of the lung of unknown origin has a male- 


female sex ratio of from 4:1 to 24:1, according to 


various investigators (18). Asbestosis cancer of the 
lung, on the other hand, displays a male-female sex 
ratio of 2.4:1, indicating that with an equalization 
of exposure to a carcinogenic agent there occurs 
also an equalization of the incidence rates of lung 
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cancer for the two sexes (Merewether [30]). Like- 
wise, it is most improbable that the male-female 
sex ratio of 1:1 for Mexican men and women 
(Steiner, Butt, and Edmondson [37]) living in Los 
Angeles reflects sex-related factors. It is note- 
worthy in this respect that the entrance of female 
mulespinners in the English textile plants was fol- 
lowed after a suitable latent period by the appear- 
ance of cancers of the vulva in some of these 
operators, which fact thereby demonstrates that 
female mulespinners acquire the auatomic equiva- 
lent of the scrotal cancer of their male counter- 
parts (13). While oral cancer is rare in white 
women, this tumor is rather frequent in Indian 
women chewing betel quids (Bashford [4]). This 
buyo cancer of the oral cavity represents 12 per 
cent of all cancers among Filipino women. For this 
reason, the sex ratio of oral cancer among Fili- 
pinos is inverse to that found among white people 
inhabiting the temperate zones, where the male- 
female sex ratio is 3:1 (Maxwell [29]; Vedder [38]). 

These and other similar observations indicate 
that the differences in the sex ratio of certain 
cancers of unknown origin are apparently not due, 
in the main, to hormonal factors but rather reflect 
variations in the types and intensity of exposure 
to environmental carcinogens affecting members of 
the two sexes to a different degree for reasons of 
occupations, habits, customs, clothing, hobbies, 
and general living conditions. 


EPIDEMIOLOGIC PATTERN 


The type of the epidemiologic pattern of en- 
vironmental cancers depends less on certain con- 
stitutional factors of the population studied 
(heredity, race, sex, age) than on the composition, 
as well as the type, intensity, and duration of 
action of the agents constituting the environmen- 
tal carcinogenic spectrum to which they have been 
exposed. The physical and chemical carcinogens 
exert their disease-producing effect, just like the 
pathogenic micro-organism, whenever and wher- 
ever they operate under proper conditions of ex- 
posure and irrespective of the special type of con- 
tact (occupational, medicinal, dietary, habitual, 
environmental, etc.) present. 

The general soundness of this concept is at- 
tested by the following observations. The appear- 
ance of occupational cancers in the various indus- 
trialized countries has closely followed the spread 
of certain industries. This sequence of events is 
well illustrated by the chronologic and geographic 
appearance of bladder cancer among dye workers 
in different countries following the establishment 
of aniline dye industries (Table 1). 

Additional support for the concept proposed is 


derived from the demonstration of a centrifugal 
spread and scatter pattern of occupational cancer 
hazards from the focus of original production of 
carcinogens in basic industries through processing 
and consumer industries to the ultimate handler 
and general consumer of the finished products. 
This pattern becomes apparent in the occurrence 
of skin and lung cancer among the producers of 
tar and pitch in gas plants and coke ovens, the 
appearance of similar cancers among tar refinery 
workers, roofers, road construction workers, cork 
brick manufacturers, and other members of sec- 
ondary industries and trades handling and using 
tar and pitch. An identical chain of environmental 
cancers among successively exposed population 
groups exists in regard to arsenicals, which have 


TABLE 1 


CHRONOLOGIC AND GEOGRAPHIC APPEARANCE OF 
BLADDER CANCER AMONG DYE WORKERS 
IN DIFFERENT COUNTRIES (17) 


Total no. 

First year recorded 

Country reported Author up to 1951 
Germany 1895 Rehn Approxi- 
mately 350 
Switzerland 1905 Schedler 190 
Great Britain 1918 Ross 300 
Russia 1926 Rosenbaum and Gottlieb 71 
Austria 1932 Schueller (2) 
United States 1934 Ferguson et al. 250 
Italy 1936 di Maio 90 
Japan 1940 Nagayo and Kinosita (7) 
France 1946 Billiard-Duchesne 41 


elicited cancers among miners of arsenic-contain- 
ing ores, smelter workers, manufacturers of ar- 
senical insecticides, users and consumers of food- 
stuffs and drinking water contaminated with such 
arsenicals, as well as individuals receiving arseni- 
cals for medicinal reasons (Hueper [16]; Neubauer 
[33]; Arhelger and Kremen [2]; Butzengeiger [8]; 
Hill and Faning [14]; Arguello, Tello, Macola, and 
Manzano [1]). 

Occupational cancer hazards also display a 
cancer distribution pattern which shows the 
highest attack rates among the population groups 
employed within the immediate vicinity of the 
carcinogenic industrial foci and gradually decreas- 
ing attack rates among population groups increas- 
ingly remote from it and thus less intensely and 
frequently in contact with carcinogenic agents. A 
good illustration of this concentric distribution 
pattern of occupational cancers is offered by the 
aromatic amine bladder cancers. The bladder can- 
cer incidence rate, according to past experience, 
was highest among intermittently but intensely 
exposed maintenance and repair men who were 
followed in decreasing order by operators regularly 
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employed in the manufacture of heta-naphthyla- 
mine and benzidine, these by truck drivers, yard 
men, chemists, engineers, and supervisors who 
have irregular and mitigated exposures. Whether 
or not “neighborhood cases” of aromatic amine 
cancers actually occurred among the population 
residing or working within the fume and waste dis- 
posal zone of aromatic amine operations is still 
doubtful and controversial (Mueller [32], Hueper 
[17], and Gross [12]). Since, according to Gehr- 
mann, Foulger, and Fleming (10), workers em- 
ployed in a building formerly used for the produc- 
tion of beta-naphthylamine have an occupational 
bladder cancer hazard from contact with the 
minute amounts of the chemical volatilized from 
impregnated building material, neighborhood 
cases of this occupational cancer may conceivably 
occur among persons living near aniline dye plants 
with defective loading, shipping, and waste dis- 
posal arrangements for beta-naphthylamine and 
benzidine. 

Another major factor determining the char- 
acter of the epidemiologic pattern of occupational 
cancers is represented by their latent period, which 
in turn depends upon the relative potency of a 
particular carcinogen, its physicochemical proper- 
ties (solubility, dispersion, chemical reactivity 


TABLE 2 


LATENT PERIODS OF ENVIRONMENTAL 
AND OCCUPATIONAL CANCERS 


Av. latent Range of la- 
period tent period 
Organ Agent (years) (years) 
Skin Arsenic: medicinal 18 8-40 
occupational 25 4—46 
Tar 20-24 1-50 
Creosote oil 25 15—40 
Mineral oil 50-54 4-75 
Crude paraffin oil 15-18 3-35 
Solar radiation 20-30 15-40 
X-radiation 7 1-12 
Lung Asbestos 18 15-21 
Chromates 15 5-47 
Nickel 22 6-30 
Tar fumes 16 9-23 
Ionizing radiation 15-35 7-50 
Bladder Aromatic amines 11-15 2-40 


and affinity, etc.), the physicochemical and co- 
carcinogenic or anticarcinogenic properties of its 
vehicle or its associated agents, the route of con- 
tact, the intensity of the individual exposures, their 
rhythm, and the total duration of exposure. These 
factors, which have a distinct influence upon the 
incidence rate of cancers among exposed popula- 
tion groups, also exert a definite influence upon the 
length of the latent period. With decreasing in- 
tensity of exposure there occurs a reduction in the 
incidence of cancers and a lengthening of their 


latent period. Apart from individual differences in 
susceptibility, these irregularities in the intensity 
of exposure to environmental carcinogens mainly 
account for the wide range of latent periods re- 
corded for environmental cancers (Table 2). 

The target organ of environmental carcinogens 
depends on various factors. Special tissue affinity 
of benzene to the fat tissue contained in hemato- 
poietic organs thus seems to account for its exclu- 
sive leukemogenic action. The intensity of ex- 


TABLE 3 


SITE OF CANCER AND ROUTE OF EXPOSURE 


Type of 


contact Carcinogenic agent Site of cancer 


Cutane- Arsenic Skin 
ous Coal tar, pitch, soot, asphalt 
Creosote oil, anthracene oil 
Petroleum asphalt, coke, tar 
Petroleum oils (high boiling) 
Shale oil, crude paraffin oil 
Lignite oil and paraffin oil 
Ultraviolet radiation 
X-radiation, radioactive 
chemicals 
Benzene Hematopoietic tis- 
sues 
Respira- Arsenic dust Lung 
tory Chromium compound dust Lung 
and fumes 
Nickel dust and vapors Lung, nasal cavity, 
and sinuses 
Asbestos dust Lung 
Beta-naphthylamine, benzi- Bladder 
dine dust and vapors 
Coal tar fumes Lung 
Petroleum oil mist Lung 
Isopropyl] oil vapors* Nasal sinuses, lar- 
ynx, and lung 
Radioactive dust and gases Lung 
Inges- Arsenic Skin 
tion §§$ Radium, mesothorium Bone 


* Isopropy!] oil in the crude liquor from which isopropanol is obtained 
by distillation (40). 


posure to some environmental carcinogens also 
seems to determine the distributory mechanism of 
the resulting cancers. The relatively high fre- 
quency of heterotopic multiple primary cancers 
observed among dye workers with cancers of the 
urogenous tract as well as other organs (lung, 
stomach, intestine, prostate—Mueller [32]; Hue- 
per [16]) seems to be due to an unusual hematog- 
enous spread of the carcinogenic hydrocarbons 
ordinarily mainly excreted through the urine 
(Bonser [7]). The principal reason for the appear- 
ance of cancers in various organs, however, 1s 
represented by the route of exposure (Table 3). 
Epidemiologic and demographic studies carried 
out during the past two decades have demon- 
strated the existence of marked and significant 
variations in the total incidence of cancer as well as 
in the organ, sex, age, and race distribution of 
cancers in different countries, regions and popula- 


Fay 
J 
Ary 
fe 
4 
- 
] 
< 
“ 
4 
t 
a 
Vv 
l 
at 
| 
St 
Se 
WwW 
Sl 
ae 
. 


HurErrper—Environmental Cancers: A Review 


695 


tion groups. While a part of such variations is due 
to differences in the age distribution of the various 
population groups surveyed as well as in the qual- 
ity of medical care and of medical recording of 
diseases, there remains for many of these discrep- 
ancies in rates of regional cancer incidence no other 
plausible explanation than the differences in ex- 
posure to environmental carcinogenic factors 
(Table 4). 

The striking differences in the lung cancer 
morbidity rates in metropolitan centers located in 
the same part of the country militate against the 
concept that such local discrepancies can justly be 
attributed to variations in medical care and re- 
cording, or to differences in the biologic composi- 
tion and hereditary properties of the populations 
concerned, or to the predominant action of a single 
etiologic environmental factor, especially cigarette 
smoking (Wynder and Graham [41]). The local 
variations as well as the consistent increase of 
lung cancer morbidity rates must be ascribed to a 
combination of exogenous factors affecting, to 
differing degrees, the various population groups as 
well as the two sexes surveyed. Since the known 
environmental lung cancers have a latent period 
ranging usually from 10 to 25 years, it may be 
concluded that the rising trend of lung cancers 
is attributable to changes in the environmental 
carcinogenic spectrum which started around the 
turn of the century and the effects of which are be- 
coming increasingly evident (Hueper [18]). Sup- 
porting this concept is the fact that the majority of 
environmental and occupational cancers dis- 
covered during the last 25 years involve cancers of 
the respiratory tract (cancers produced by chro- 
mium compounds, nickel, arsenicals, asbestos, coal 
tar, petroleum oils, isopropyl oil, radioactive sub- 
stances) (21, 28). 

In the conduct of epidemiologic studies on en- 
vironmental cancers certain important precautions 
have to be observed, if misleading, incorrect, or in- 
conclusive results are to be avoided (Hueper [17]; 
Downing [9]). It is essential to survey as far as 
practicable the total effectively exposed popula- 
tion, and to exclude from membership in the 
actually exposed population group all those indi- 
viduals who have merely an “‘administrative”’ ad- 
herence to it. In a survey of environmental can- 
cers among oil refinery workers, for instance, it is 
scientifically not permissible to include office per- 
sonnel, sales people, and other white-collar work- 
ers, unless they sustain real contact within the 
refinery area to suspected or recognized carcino- 
genic agents for occupational reasons. Similarly, 
whenever, within an industrial population to be 
surveyed, only a restricted group is shown to have 


a carcinogenic hazard, figures on incidence must 
be calculated for this group only, and not for the 
total plant population, since the lattér procedure 
results in an undue dilution of positive evidence 
and thereby in distorted epidemiologic informa- 
tion. The limited occurrence of bladder cancer to 
relatively small and restricted groups of dye work- 
ers (10), the excessive liability to scrotal cancer 
limited to workers employed in paraffin pressing 
operations in oil refineries (34), and the increased 
liability to lung cancer among persons with as- 
bestosis—and not among all persons employed in 
asbestos operations—provide pertinent illustra- 
tions of this point. 


TABLE 4 


LUNG CANCER MORBIDITY RATE, 1937 AND 1947, FOR 
RESIDENTS OF EIGHT METROPOLITAN CENTERS 
PER 100,000 POPULATION* 


MALEs FEMALES ToTaL 

City 1937 1947 1937 1947 1937 1947 
Atlanta 5.0 13.4 1.0 5.0 2.9 8.9 
New Orleans 13.1 39.1 28 4.2 7.6 20.8 
Dallas 5.9 29.0 0.5 6.4 3.1 17.2 
Birmingham 4.5 18.9 2.1 3.9 3.3 11.0 
Denver 91 21.9 4.2 8.1 6.6 14.8 
San Francisco 15.6 34.3 3.9 8.1 9.8 20.8 
Chicago 13.3 29.5 4.3 7.0 8.8 18.0 
Pittsburgh 9.7 26.1 4.9 5.5 7.3 15.6 


* Supplied by Biometrics Section, National Cancer Institute. 


An analysis of the population “‘at risk” should 
include not only workers presently employed for a 
sufficiently long period, so as to cover the minimal 
latent period of the average occupational cancer 
(5 years), but also all formerly employed workers 
dead or alive who left the industry, plant, opera- 
tion, or trade group fulfilling this condition. The 
inclusion of large groups of short-term employees 
with insufficient exposure and latent period into the 
surveyed group also introduces a serious dilution 
factor which causes misleading or inconclusive re- 
sults (23, 36). 

Since the occurrence of environmental cancers 
rarely has the character of an epidemic, but as a 
rule appears as an endemic, it is necessary to con- 
duct epidemiologic studies as long-term investiga- 
tions, which means the analysis of data covering 
periods of at least 5 years. Negative results ob- 
tained from short-term investigations comprising 
periods of 1 or 2 years give, at best, inconclusive 
results if not incorrect ones (6). 

In view of the long latent period of environmen- 
tal cancers it is necessary to restrict occupational 
cancer surveys to plants which have been in 
operation for at least 10 years, unless a large por- 
tion of the workers in their employ has previously 
been employed in similar operations elsewhere. 

The absence of published reports on the occur- 
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rence of occupational cancers in an industry hav- 
ing known or suspected cancer hazards is no assur- 
ance that a serious occupational cancer problem 
in these establishments is nonexistent. Perhaps the 
most notorious example that can be cited as an 
illustration of such occurrences is represented by 
the long delayed discovery of the lung cancers 
among uranium miners of Joachimsthal. Although 
the existence of a high lung cancer incidence 
among the Schneeberg miners was established in 
1876, despite repeated inquiries made by German 
investigators with the various governmental au- 
thorities under whose jurisdiction the uranium 
mines in Joachimsthal located nearby on the 
southern slope of the Erzgebirge were operated, it 
was not until some 50 years later that the high 
frequency of lung cancers among this group of 
similarly exposed workers was recognized. Until 
that time (1926), the century-old practice of mis- 
taking lung cancers of the Joachimsthal miners for 
pulmonary silicosis or tuberculosis was continued. 
Likewise, associated pathologic conditions some- 
times may operate in obscuring the co-existence of 
an occupational cancer. This danger exists, for 
instance, for absestosis cancer of the lung, unless 
a thorough necropsy study is made. 


CARCINOGENESIS 


An analysis of the action mechanism of the vari- 
ous recognized, suspected, or potential human 
carcinogens supports the viewpoint that the ma- 
jority of cancers develop at sites where, for some 
reason, the most intense or most prolonged ex- 
posure to the carcinogen takes place. The follow- 
ing types of mechanisms determining the distribu- 
tion of environmental cancers may be distin- 
guished. 

a) Cancers developing at sites of primary contact. 
—To this group belong the cancers of the skin re- 
sulting from cutaneous exposures to substances 
such as coal tar, petroleum oils, creosote oil, soot, 
and similar combustion and high temperature dis- 
tillation products of carbonaceous matter, as well 
as to ultraviolet and ionizing radiations; moreover, 
the cancers of the nasal cavity, nasal sinuses, 
larynx, and lung elicited by the inhalation of 
arsenicals, chromium, and nickel compounds, 
(beryllium?), asbestos, isopropyl oil, tarry matter, 
and radioactive gases and dusts. The cancers of 
the connective, bony, and hematopoietic tissues 
following exposure to penetrating ionizing radia- 
tion may be included in this group of primary 
contact cancers. 

b) Cancers developing at sites of selective deposi- 
tton.—Arsenical cancers of the skin, osteogenic 
sarcomas following ingestion of radium and/or 


mesothorium, leukemia following contact with 
benzene, (thyroid carcinoma following radioactive 
iodine medication, leukemia subsequent to radio- 
active phosphorus medication, osteogenic sarcoma 
following inhalation of beryllium ommpeenee) 
may be included in this group. 

c) Cancers developing in organs with wate fune- 
tional or toxic affinity for carcunogens.—Representa- 
tives of this group are almost exclusively caused by 
carcinogens of potential importance as far as hu- 
mans are concerned and thus have been observed 
mainly in experimental animals. Cancers of this 
type are the tumors of the liver developing follow- 
ing exposure to various azo dyes, aminofluorene 
compounds, chlorinated hydrocarbons and _se- 
lenium, the cancers of the breast and uterus sub- 
sequent to an excessive exposure to estrogens, and 
cancers of the thyroid following the prolonged ad- 
ministration of thiouracil derivatives. 

d) Cancers developing in organs of excretion of 
carcinogens.—Cancers of the bladder, ureter, and 
kidney observed in individuals and experimental 
animals having cutaneous, ingestive, and respira- 
tory contact with certain aromatic amines and azo 
compounds due to the presence of carcinogenic 
material in the urine belong to this group. 

e) Cancers developing on the basis of functional 
abnormalities due to certain dietary deficiencies and 
representing a type of indirect or secondary environ- 
mental carcinogenesis.—Cancers of the hypo- 
pharynx and of the liver noted among population 
groups subjected to a diet deficient in vitamin B 
complex and protein as well as cancer of the liver 
in rats kept on a choline-deficient diet are members 
of this group. 

f) Cancers of the young resulting from a trans- 
placental penetration of carcinogens.—There exists 
so far only experimental evidence in support of 
such an exposure route in the demonstration of the 
development of pulmonary tumors in the off- 
spring of pregnant mice given urethan near term 
(Larsen [25]; Klein [24]). Whether or not a similar 
mechanism may be active in the production of 
congenital cancers or cancers developing during in- 
fancy and early childhood appears to be a worth- 
while subject of investigation in view of these 
findings. 

While it is not likely that exogenous agents are 
the only factors responsible for human cancers, 
the increasing number and widening variety of 
environmental carcinogenic agents suggest that 
they seem to be operative in a much larger | 
proportion of cancers than is recognized or 
realized at present. It appears from the evidence 
available that the study of environmental! cancer 
hazards and cancers offers not only the most 
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promising approach to the determination of the 
causation of human cancers, but is also the princi- 
pal route through which the primary prevention of 
cancer may be achieved. 


21. 
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Cultivation of 4-Dimethylaminoazobenzene-induced Rat 


Liver Tumors in Yolk Sacs of Chick Embryos” 


M. I. Armstrone, A. E. 


(Departments of Anatomy and Physics, 


INTRODUCTION 


This communication deals with our experiences 
in attempting to grow a number of 4-dimethy]l- 
aminoazobenezene-induced liver tumors of rats in 
the yolk sacs of chick embryos and in maintaining 
three of these tumors in serial cultivation in this 
medium for a period of 23 years. 


MATERIALS AND METHODS 


Hybrid white rats of from 90 to 200 gm. were maintained on 
the synthetic diet containing 0.06 per cent 4-dimethylamino- 
azobenzene recommended by Geise, Miller, and Baumann (3). 
After 5-12 months the livers became irregularly enlarged. 
When, on palpation, they were found to occupy half or more 
of the abdomen, tumorous masses were removed from them to 
glass plates. After a piece of each mass was fixed for histological 
study the remainder was finely chopped with curved scissors, 
placed in the barrel of a syringe, and forced through a No. 18 
or No. 20 needle into a vial where it was diluted to 4 times its 
volume with 0.85 per cent saline. One-half cc. of this suspension 
was injected into the yolk sacs of embryos of fertile eggs incu- 
bated for 4 days by the general method described originally 
by Taylor, Hungate, and Taylor (8), but with the following 
modification: 

Since the position of the air space varies, its site was ascer- 
tained with the candaler and its center marked. The needle was 
inserted through this point and directed into the yolk mass. 
Since the needle always passed through the air space, albumen 
did not leak out of the egg around the needle during the injec- 
tion, as might occur if the needle missed the air space. Tumors 
grew equally well whether eggs were injected while upright or 
on their sides. 

The tumors were harvested between the twelfth and seven- 
teenth day of incubation. The precise day was determined 
chiefly according to the number of chick embryos that died (as 
determined by daily candling) after the tenth day of incuba- 
tion, because it has been shown (1) that these deaths, unlike 
those that occur before the tenth day, are associated with the 
growth of a tumor in an egg. If there were very few or no deaths 
between the tenth and seventeenth days the tumors were har- 
vested on the seventeenth day. If, however, the death rate 
began to rise rapidly before the seventeenth day, and if those 
chick embryos that died were found to have sufficiently large 
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tumors, the remainder of the eggs were harvested immediately. 

Yolk sac-grown tumors were soft and did not require minc- 
ing before being placed in the barrel of the syringe. After their 
volume was determined they were forced through a No. 20 
needle into a vial where they were diluted with a mixture of 
amniotic and allantoic fluids and yolk of the harvested egg. The 
degree to which they were diluted before being injected into 
further eggs depended on how lethal the tumors were as is ex- 
plained in the section headed ‘‘On the lethality of tumors 91, 
103, and 124.”’ 

Since there is always a danger of contamination, several 
batches of eggs were injected at each transfer, each batch being 
injected with a different lot of tumor tissue and diluting fluids. 


RESULTS 


PROPORTION OF Rat Liver Tumors TuHat GREw IN Ecos 


Thirty-five tumors, proved by gross and micro- 
scopic examination, were each injected into a 
batch of eggs. The results follow: 

In seven of the 35 tumors, the chick embryos all 
died before there was time for tumors to grow, and 
it was assumed, from past experience, that these 
seven tumors were contaminated. With regard to 
the remaining 28 tumors: 

Three have grown for 94, 93, and 64 transfers, 
respectively, and are still being transferred. 

One grew to a large size for two transfers but 
was lost accidentally. 

One grew for fifteen transfers but was discarded 
because of a mold contamination that was picked 
up as it was transferred. 

Nine produced very small growths on their first 
transfer, but failed to survive either the second, 
third, fourth, or fifth transfer. | 

Fourteen failed to grow on their initial injection 
into eggs. 

In summary: Of 28 uncontaminated tumors in- 
jected into yolk sacs, five lent themselves to suc- 
cessful serial cultivation. 


RELATION BETWEEN THE PRESENCE OF METASTASES IN Rats 
WITH LIvER TUMORS AND THE SUCCESSFUL SERIAL 
CULTIVATION OF THE PRIMARY TUMORS 
IN YOLK SAcs 

The 28 rats from which the uncontaminated tu- 
mors were obtained were examined at autopsy for 
metastases, and these were found in the lung, 
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mesentery, spleen, abdominal lymph nodes, para- 
adrenal fat, or para-ovarian fat in seven of the 28 
rats. 

Tumors from three of the seven rats with meta- 
static growths have been serially cultivated in eggs 
for 94, 93, and 64 generations, respectively. An- 
other grew to a large size for two transfers but was 
lost accidentally. The liver tumors from the other 
three rats grew slightly on their first transfer but 
did not survive more than four transfers. 

Twenty-one of the rats did not have metastases. 
The primary tumor from one of these was culti- 
vated for fifteen transfers in eggs before it was dis- 
carded with a mold contaminant. The liver tumors 
from twenty of the 21 rats without metastases 
either failed to grow when injected into eggs or 
grew only slightly for from one to four transfers. 

In summary: The primary tumors from four of 
the seven rats with metastases lent themselves to 
successful serial cultivation in eggs. Of the 21 rats 
which revealed no metastases the primary tumors 
were successfully serially cultivated in only one 
instance. 


SoME GENERAL FEATURES OF THE THREE Rat Liver Tumors 
Have Been CULTIVATED IN EaGs For 94, 
93, AND 64 TRANSFERS, RESPECTIVELY 

Percentages of takes.—After excluding the eggs in 
which the embryos died before the tenth day of in- 
cubation (from injury, contamination, or unknown 
reasons), about 99 per cent of the yolk sacs inject- 
ed with suitable amounts of tumor tissue on the 
fourth day of incubation contained tumors when 
they were harvested. 

Site and volume of tumors grown in eggs.—Tu- 
mors grew along the margin of the yolk sac. The 
average volume of tumor tissue obtained from 
each egg was about 0.4 cc., although larger tumors 
with a volume of 1 cc. or more were not unusual. 

Constancy of growth pattern.—Sections taken 
from these three egg-grown tumors at different 
transfers showed a constant histological pattern. 
Two of the tumors that were transferred at their 
thirteenth and 71st egg transfer, respectively, from 
eggs to rats grew in the rats and exhibited the same 
histological pattern that they had in the eggs. 
Both tumors, when transferred from the rats back 


into yolk sacs, grew and again exhibited the same . 


microscopic structure. 

Stroma and blood vessels.—The chick-embryo- 
derived stroma of all three tumors was verv deli- 
cate and not obvious in most areas in sections 
stained with eosin and hematoxylin. It was seen to 
best advantage in the cores of the papillary pro- 
jections of liver tumor 124 (Fig. 5). 

The blood vessels in all three tumors were lined 


with endothelium supported by a small amount of 
delicate connective tissue. They were much larger 
than capillaries and resembled thin-walled non- 
muscular veins (Figs. 2-6). 

Necrosis.—The amount of necrosis in yolk sac- 
grown tumors varied from being almost negligible 
to moderate in amount. In general, its percentage 
increased with the time the tumor-bearing egg was 
incubated. Necrotic tissue was generally red be- 
cause of hemorrhage into it; in some instances, 
however, it was an opaque white. Its different 
color permitted it to be dissected away from the 
healthy tissue. 


SoME Deraits REGARDING THE THREE Rat Liver Tumors 
Taat Have Breen TRANSFERRED 94, 93, AND 64 
Times, RESPECTIVELY, IN YOLK SACS 

Lwer tumor 91.—The primary tumor was an 
adenocarcinoma, the cells of which were growing 
both in solid masses and in glandular formations 
(Fig. 1). Goblet cells were sometimes seen among 
the glandular cells. An extension of the tumor into 
the mesentery revealed the same type of histologi- 
cal picture. 

Figures 2 and 3 illustrate the tumor as it grew in 
yolk sac. Figure 3 shows that the cells of the tumor 
alternated, in different areas, between being 
packed closely together and being loosely ar- 
ranged. In some instances the tumor cells were 
packed closely in a radial arrangement around the 
blood vessels (Fig. 3). In other areas the cells 
showed some differentiation into glandular struc- 
tures (Fig. 2). 

The tumor cells varied considerably in shape ac- 
cording to whether they were arranged in glandu- 
lar formations or in tightly packed or loosely 
packed formations. The nuclei, however, were con- 
sistently large and ovoid with large prominent nu- 
cleoli. Mitotic figures were very numerous. No 
goblet cells were seen in the egg-grown tumors. 

Liver tumor 103.—The primary tumor wasan 
adenocarcinoma with cells growing in fairly solid 
masses but showing some tendency to form glan- 
dular structures. In some areas there were papil- 
lary formations. Secondary growths in the lung 
and mesentery exhibited the same histological 
structure. 

This tumor in eggs showed glandlike structures 
in the midst of irregular masses of tumor cells. The 
cells varied in shape according to their position, 
but their nuclei were similar in being of moderate 
to large size and in containing well defined nu- 
cleoli (Fig. 4). 

Although some goblet cells were seen among the 
tumor cells that formed glandular structures in 
both the primary and in some of the secondary 
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growths in the rat, they were never observed in the 
tumor in the yolk sac. 

Liver tumor 124.—The primary tumor was an 
adenocarcinoma, the cells of which formed fairly 
solid masses in some sites but glandular structures 
in others. Papillary projections sometimes extend- 
ed into the glandular spaces. Metastatic nodules 
in the para-adrenal fat and near the ovary showed 
this same pattern of growth. 

In eggs the tumor cells in some areas formed 
papillary projections (Fig. 5) and in other areas 
tightly or loosely packed masses of cells with 
glandlike structures in their midst (Fig. 6). 


LIVER TUMOR 103 
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Cuart 1.—Lethality of tumor 103 for chick embryos 


The tumor cells varied in shape according to 
their position. Their nuclei were of moderate to 
large size and contained large nucleoli. Mitotic 
figures were numerous. 


On THE LETHALITY OF Tumors 91, 103, AND 124 


As noted previously, deaths before the tenth 
day of incubation are not caused by tumor 
growth; they occur even when physiological saline 
alone is injected and are probably the aftermath 
of the trauma of the injection procedure. Deaths 
after the tenth day of incubation, however, are 
generally the result of tumor growth. Chart 1 
shows the percentages of a given number of em- 
bryos inoculated with liver tumor 103 that were 
dead on each day from the ninth to the seven- 
teenth days of incubation and after different num- 
bers of transfers. It can be seen that the tumor 
was lethal for chick embryos. It should be noted 


that eggs were injected with more dilute suspen- 
sions of tumor tissue in the later than in the earlier 
transfers of the tumor; increasing the dilution de- 
creases the lethality (1). In spite of increasing its 
dilution, the tumor became more lethal as it was 
serially cultivated. Liver tumors 124 and 91 acted 
similarly. 

The large number of chick embryo deaths that 
occur when tumors are grown in yolk sacs makes 
the method somewhat laborious, for the number of 
eggs that are inoculated must always greatly ex- 
ceed the number that are needed on the day of 
harvesting. 

The way in which the lethality of the carcino- 
gen-induced rat liver tumors increased as the tu- 
mors were serially cultivated in eggs is very similar 
to the way in which the lethality of mouse mam- 
mary tumors and the Walker 256 rat tumor in- 
creased with serial egg passage (1, 5, 7). The in- 
crease in lethality of mouse mammary tumors, on 
serial cultivation in yolk sacs, could possibly be 
explained by the milk agent’s increasing in viru- 
lence. (The milk agent has been shown still to be 
present in yolk sac-cultivated mouse mammary tu- 
mors after 31 transfers [2].) But it is difficult— 
though not impossible—to reason that the in- 
crease in lethality that occurs in a carcinogen-in- 
duced tumor on serial transfer in yolk sacs could be 
caused by an increase in the virulence of a tumor- 
inciting virus. The possibility of the increased 
lethality being due to the introduction of a new 
contaminant or the increased growth of a pre- 
existing one must always be borne in mind. As yet 
we have been unable to demonstrate any con- 
taminant that could account for the lethality, but 
the possibility of there being one continues to give 
us concern. 

Armstrong and Ham (1) found that, when 
mouse mammary tumors became lethal on con- 
tinued serial egg passage, the chick embryos de- 
veloped a severe anemia; whereas before they be- 
came lethal they produced only a slight or no 
anemia. Unfortunately, the liver tumors became 
lethal so quickly that we did not obtain hemo- 
globin estimations on chick embryos with non- 
lethal liver tumors. Hemoglobin levels were ob- 
tained, however, on a group of 33 14-day-old chick 


- embryos bearing liver tumor 103 between its tenth 


and twelfth transfers. The average was 4.6 + 1.3 
gm., the lowest 2.2 gm., and the highest 6.4 gm. 
(The average hemoglobin level of 45 nontumor- 
bearing chick embryos of the same age was 7.7 + 
0.7 gm.; the highest was 9.6 gm., and the lowest 
was 5.8 gm.) 

Armstrong and Ham (1) found enlarged flabby 
hearts and enlarged livers with widely dilated 
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Fic. 1.—A section of primary rat liver tumor 91. Mag. 
200. 


Fic. 2.—A section of liver tumor 91 growing in yolk sac 
showing an attempt by the tumor cells to form a glandlike 
structure. Mag. 200. 


Fic. 3.—A section of liver tumor 91 growing in yolk sac 
showing the usual arrangement of its cells; that is, clumps of 
closely packed cells separated by more loosely arranged 
cells. Note the tendency of the tumor cells to pack closely 
where they surround blood vessels. Mag. X75. 


Fic. 4.—A section of liver tumor 103 growing in yolk sac. 
Mag. X600. 


Fic. 5.—A section of liver tumor 124 growing in yolk sac. 
Note the papillary projections with chick stroma and blood 
vessels in their cores. Mag. 150. 


Fic. 6.—A section of liver tumor 124 growing in yolk sac 
showing a glandlike formation in the midst of a mass of tumor 


cells. Mag. 200. 
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sinusoids in anemic chick embryos that had lethal 
mouse mammary tumors growing in their yolk 
sacs. They attributed these lesions to circulatory 
failure caused by the severe anemia. It is of inter- 
est that these lesions did not occur in anemic chick 
embryos with lethal carcinogen-induced rat liver 
tumors growing in their yolk sacs. 


DISCUSSION 


This work was undertaken in the hope that it 
would enable us to have a steady supply of carcino- 
gen-induced malignant tumor tissue that would be 
relatiwely pure, of a consistent quality, and of a kind 
that would permit us to obtain embryonic, normal 
functioning, and regenerating cells of the same 
origin as the tumor cells for purposes of compari- 
son. In this quest we think we were reasonably 
successful, for we have shown that some carcino- 
gen-induced malignant rat liver tumors can be 
serially cultivated in yolk sacs to produce a steady 
supply of relatively pure tumor tissue of a con- 
sistent type. 

Primary tumors produced in rats with carcino- 
gens are of somewhat dubious value for exploring, 
e.g., the biochemical processes of malignant cells. 
The types of primary tumors that develop vary. 
Furthermore, a slice, cut from what is presumed 
to be a tumor, commonly contains much that is 
not tumor tissue; for example, areas of fatty liver, 
hyperplastic parenchyma, proliferating bile ducts, 
fibrous tissue, and necrotic material. Finally, as 
Opie (6) has pointed out, there is no guarantee, un- 
less metastases are found, that the tumor is malig- 
nant; and even then it is difficult to be certain that 
the malignant change responsible for the metasta- 
ses had occurred in any substantial portion of the 
piece of tissue selected from the primary tumor. 

In contrast to primary tumors, the yolk sac- 
grown ones are much more of the nature of a pure 
culture. They consist almost entirely of tumor 
cells with only a few chick blood vessels and 
stroma; in addition, a few strands of yolk sac and 
a little yolk, albumen, and allantoic fluid may still 
adhere to them even after careful dissection. They 
are of a standard quality from one transfer to the 
next. Necrosis is not usually extensive and, when 
present, may be recognized grossly and dissected 
out. Finally, our finding that a high proportion of 
the tumors that metastasized could be cultivated 
serially in yolk sacs, while those that had not 
metastasized could not usually be so cultivated, 
suggests that malignancy is a requirement for 
serial cultivation in yolk sacs. In this respect, our 
findings are similar to those of Greene (4), who 
found that tumors that had metastasized are most 
likely to grow on transplantation to the anterior 


chamber of the eye of a heterologous host. 

Accordingly, we think that liver tumor tissue 
cultivated serially in yolk sacs is about as close to 
a pure tissue in which the properties of malignancy 
are embodied as it is possible to obtain provided 
more substantial amounts of tissue are required 
than can be procured by tissue culture methods. 
While not particularly costly, the method requires 
close attention, for to maintain adequate supplies 
of tumor tissue large numbers of eggs must be in- 
jected every 8-14 days, and all the injected eggs 
must be candled daily. 


SUMMARY 


Of 35 4-dimethylaminoazaobenezene-induced 
rat liver tumors introduced into the yolk sacs of 
fertile eggs, seven infected the eggs. Of the remain- 
ing 28, four of the seven that had metastasized 
lent themselves to successful serial cultivation, 
while only one of the 21 that had not metastasized 
could be serially grown. 

Three of these tumors have now been trans- 
ferred in yolk sacs 94, 93, and 64 times, respective- 
ly, and have shown no change in their histological 
pattern. All three tumors, however, on serial trans- 
fer, have become increasingly lethal for chick em- 
bryos. 

Rat liver tumors cultivated in yolk sacs have 
many advantages over primary tumors obtained 
from livers; they are of a consistent pattern, have 
only a little stroma, and contain no other paren- 
chyma than tumor cells. Moreover, since only 
liver tumors that have metastasized generally 
grow in yolk sacs, their malignancy is probably 
assured. 


REFERENCES 
1. ArmsTRONG, M., and Haws, A. W. Effects, Particularly Ane- 
mia, Produced in Chicks by Growth in Their Yolk Sacs of 


Mouse Mammary Tumors. Cancer Research, 7:481-—90, 
1947. 


. Demonstration of Milk Factor in a C83H Mouse 
Mammary Tumor after the Tumor Had Been Transferred 
31 Times in Fertile Eggs. Ibid., 10:201, 1950. 

8. GetsE, J. E.; M1iuuer, J. A.; and Baumann, C. A. The Car- 
cinogenicity of m’-Methyl-p-dimethylaminoazobenzene and 
of p-Monomethylaminoazobenzene. Cancer Research, 5: 
337-40, 1945. 

4. GREENE, H.S. N. The Heterologous Transplantation of Hu- 
man Melanomas. Yale J. Biol. & Med., 22:611-20, 1950. 

5. Herman, F. R., and Birtner, J. J. Observations on Mouse 
Tumors Cultivated in the Yolk Sac of the Embryonic Chick. 
Cancer Research, 4:578-82, 1944. 

6. Opie, E. L. The Pathogenesis of Tumors of the Liver Pro- 
duced by Butter Yellow. J. Exper. Med., 80: 231-46, 1944. 

7. Tayuor, A., and CARMICHAEL, N. The Effect on the Embryo 
of Continued Serial Tumor Transplantation in the Yolk Sac. 
Cancer Research, 9:498-502, 1949. 

8. A.; R. E.; and Taytor, D. R. Yolk Sac 

Cultivation of Tumors. Cancer Research, 3:537-41, 1948. 


. 
> 
| 
; 


The Incidence of Diethylstilbestrol-induced Cancer in Recip- 
rocal F, Hybrids Obtained from Crosses between Rats 
of Inbred Lines That Are Susceptible and Resistant to the 
Induction of Mammary Cancer by This Agent 


W. F. Dunninc Ann M. R. Curtis 


(Division of Research and Industry, University of Miami, Coral Gables, Fla.) 


In mice, the role of an extra-chromosomal or 
milk factor in the etiology of mammary cancer was 
demonstrated independently by Little and his co- 
workers (10) and by Korteweg (8) in the reciprocal 
F, hybrids obtained from crosses between mice of 
strains with a high and a low incidence of mam- 
mary cancer. Confirmation of the presence of such 
a factor in the etiology of other neoplasms in mice 
has not been obtained, nor has the existence of a 
similar factor been demonstrated in the etiology of 
mammary cancer in any other species. Andervont 
and Dunn (1) and Heston e¢ al. (7) have shown 
that mammary cancers occur spontaneously in 
mice that do not have the mammary tumor agent, 
and the former (2) have shown that mammary 
cancer can be induced by methylcholanthrene in 
agent-free DBA mice. The induced and spontane- 
ous tumors that have been observed in agent-free 
mice display a greater variety of histologic types 
and a greater tendency toward keratinization than 
are found in mice with the agent. Andervont and 
Dunn (2) found, furthermore, that estrogenic 
stimulation had no influence on the occurrence of 
methylcholanthrene-induced mammary cancers; 
but Twombly (11) and Shimkin and Andervont 
(9) found that the foster nursing of agent-free mice 
by females with the agent greatly increased the 
proportion that developed estogren-induced mam- 
mary cancers. The latter authors (9) also ob- 
served that the incidence of stilbestrol-induced 
mammary cancer in C3H males was reduced when 
they were fostered by agent-free C57BL females. 

An opportunity to test for the presence or ab- 
sence of a maternally transmitted factor in the 
etiology of mammary cancer in rats was presented 
by the demonstration of strain differences in the 
incidence of experimentally induced mammary 
cancer. Dunning, Curtis, and Segaloff (5) showed 
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that inbred rats of A X C line 9935 were suscep- 
tible to the induction of mammary cancer by the 
implantation in the subcutaneous tissues of the 
scapular region of cholesterol pellets containing 
4-6 mg. of diethylstilbestrol. In 1948 (6) they 
showed further that inbred rats of August line 990 
were as susceptible to the induction of mammary 
cancer as the A X C rats and, in addition, were 
susceptible to the induction of diethylstilbestrol- 
induced bladder and adrenal cancer. Both reports 
showed that rats of Copenhagen line 2331 failed to 
develop mammary cancer in response to similar 
treatment. Except for the exogenous source of the 
hormonal stimulation, this situation is analogous to 
that found in inbred strains of mice with a high 
and low incidence of spontaneous mammary can- 
cer. 

In a more recent publication (4) it was demon- 
strated that, among 51 hybrids derived from sus- 
ceptible A X C line 9935 fathers and resistant 
Copenhagen line 2331 mothers, fourteen (26 per 
cent) developed mammary cancer in response to 
the implantation of diethylstilbestrol pellets in the 
scapular region when the animals were 3-4 
months of age. Among 61 reciprocal hybrids that 
were similarly treated, twenty (35 per cent) de- 
veloped mammary cancer. The average latent pe- 
riod, another index of susceptibility, was not sig- 
nificantly different in the two groups of hybrid tu- 
mor-bearers, being 561 days for those derived from 
mothers of the resistant strain and 586 for the hy- 
brid tumor-bearers from mothers of the susceptible 
strain. If susceptibility of the hybrid individual to 
these induced neoplasms was controlled by a factor 
transmitted in the milk of the susceptible parent, 
such as obtains in some inbred strains of mice, the 
percentage of individuals with induced mammary 
cancer among the progeny of the mothers of the 
susceptible strain should have equaled or com- 
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pared favorably to that obtained in rats of the sus- 
ceptible parental strain and should have been zero 
or relatively low among the progeny of the moth- 
ers from the resistant strain. Since the percentage 
of induced mammary cancer was not significantly 
different in the two groups of hybrids, no evidence 
for a maternally transmitted etiological factor was 
obtained. 

This is substantiated by the data to be present- 
ed on the occurrence of diethylstilbestrol-induced 
mammary cancer in reciprocal F, hybrids ob- 


August hybrid females to 11.4 mg. in August 
males, but rats with equal doses of diethylstilbes- 
trol were included in each group. There appeared 
to be no correlation between the actual dose and 
the development of mammary cancer. The small- 
est dose of 4 mg. was as effective as the largest 
dose of 15 mg. 

The size of the pituitary varied from 64 mg. for 
Copenhagen male rats that survived an average of 
528 days to 167 mg. for August X Copenhagen 
male hybrids that survived for 553 days. The rela- 


TABLE 1 
No. RATS IN EACH GROUP THAT SURVIVED FOR AT LEAST 150 DAYS, THEIR AVERAGE 
DOSE OF DIETHYLSTILBESTROL, AGE AT TIME OF PELLET IMPLANTATION, DAYS 
TO DEATH, TOTAL BODY WEIGHT, AND PITUITARY WEIGHT AT DEATH 


Dose of 

Group Sex No. rats stilb. 
AXC of +t 6.1 
AXC 2 29 5.4 
August ot 52 11.4 
August 9 21 8.8 
Copenhagen ot 30 8.6 
Copenhagen 27 9.0 
Aug.XCopen. 44 7.8 
Aug. X Copen. 9 32 6.8 
Copen.XAug. of 25 §.7 
Copen. X Aug. 2 31 4.5 


tained from crosses between rats of the same re- 
sistant inbred line and rats of another susceptible 


inbred line. 
MATERIALS AND METHODS 


Reciprocal F; hybrids were obtained from crosses between 
rats of Copenhagen line 2331 and August line 990. Rats of the 
two parental strains and some additional rats of AXC line 
9935, the susceptible parental strain used for obtaining the 
previously reported hybrids, were included for comparative 
purposes. 

Cholesterol pellets containing 4-15 mg. of diethylstilbestrol 
were implanted subcutaneously in the scapular region when the 
rats were 4-6 months of age. The laboratory stock diet con- 
sisted of Friskie Dog Pellets supplemented with a green vege- 
table once a week and free access to water. Each rat was 
weighed and inspected for tumors bi-weekly. 

After death, a post mortem examination included a 
description of every visible tumor, gross sectioning of all 
mammary glands, inspection of the liver, kidneys, adrenals, 
pituitary, and sex glands. Representative sections of each of 
these tissues were preserved and examined microscopically. 


RESULTS 


The results are summarized briefly in Tables 
1-3. Table 1 shows the number of rats of each 
group that survived for at least 150 days after im- 
plantation of the pellet, their average dose of di- 
ethylstilbestrol, age at implantation of the pellet, 
average number of days survived after implanta- 
tion, and their average body weight and pituitary 
weight at death. The average dose of diethylstil- 
bestrol varied from 4.5 mg. for Copenhagen X 


Age at Days to Body wt. Pituitary 
start death (gm.) weight (mg.) 
168 403 192 115 
119 442 173 116 
105 459 181 138 
104 370 168 71 
109 528 171 64 
109 518 150 92 
131 553 221 167 
122 557 186 162 
148 537 238 113 
166 419 207 90 


tively low average of 71 mg. for August females re- 
sulted, in part, from their relatively short average 
survival period of 370 days. Many of the August 
female rats died early with acute uterine infec- 
tions, but some of those that survived for longer 
periods had pituitaries weighing 250 and 300 mg. 
at death. The pituitary tended to be consistently 
smaller in the Copenhagen rats and in some of the 
hybrids, in spite of their relatively long survival 
period, which finding perhaps indicated a lesser de- 
gree of hormonal stimulation. 

Table 2 shows the percentage of rats of each 
group with induced cancer of the mammary gland, 
the number of cancers observed, and the minimum 
and average latent period. Of 73 treated August 
rats of the susceptible parental strain, 42 or 58 per 
cent developed 155 mammary cancers in an aver- 
age of 485 days. This is essentially equivalent to 
that observed for the A X C rats used as the sus- 
ceptible parental strain for the previously reported 
hybrids (4). Of 73 treated A X C rats, 47 (64 per 
cent) developed 151 mammary cancers in an aver- 
age of 429 days. No mammary cancers were ob- 
served in 57 similarly treated Copenhagen rats 
that survived an average of 520 days. 

Among 76 treated hybrid progeny from Copen- 
hagen mothers and August males, eighteen (24 per 
cent) developed mammary cancer in an average of 
632 days. The tumor-bearing rats were seven 
males and eleven females, or 16 per cent of the 
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Group 


AXC 


August 


Copenhagen 


Aug. X Copen. 


Copen. X Aug. 


Sex 
2 


40 40 A, 40 Q, 


40 


sum 


sum 


sum 


sum 


sum 


No. RATS 


44 


TABLE 2 


No. RATS IN EACH GROUP, THE PERCENTAGE WITH INDUCED CANCER OF THE MAMMARY 
GLAND, AND THE MINIMUM AND AVERAGE LATENT PERIOD IN DAYS 


PER CENT RATS 


BEARING Av. NO. OF 
CANCER NO. CANCERS CANCERS Minimum 
57 62 2.5 
76 89 4.0 
64 151 $.2 
64 135 4.1 
43 20 2.2 
58 155 
0 0 
0 0 
0 0 
16 9 1.3 
34 20 1.8 
24 29 1.6 
20 5 1.0 
23 1.6 
21 16 1.3 
TABLE 3 


LATENT PERIOD 


265 
225 


225 


210 
224 


210 


328 
472 


328 


363 
376 


363 


Av. 


436 
425 


429 


485 
483 


485 


636 
631 


632 


517 
567 


551 


No. RATS IN EACH GROUP AND THE PERCENTAGE WITH BLADDER CALCULI AND 


Group 
AXC 


August 


Copenhagen 


Aug. X Copen. 


Copen. X Aug. 


Sex 
? 


40 Ay 40 40 


10% 


sum 


sum 


sum 


sum 


sum 


No. rats 


44 
29 


73 


Per cent with 
calculi 


14 
3 


10 


10 
38 


18 


73 
30 


53 


30 
12 


22 


bladder 
cancer 


7 
3 


5 


4 
29 


11 


53 
22 


39 


14 
6 


11 


Per cent with 


CANCER, ADRENAL TUMORS, AND TUMORS OF OTHER LOCATIONS 


Per cent with 


adrenal 
tumors 


5 
3 


4 
29 


Per cent with 
spontaneous 


tumors 
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17 
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former and 34 per cent of the latter. Among 56 
treated reciprocal hybrids from August mothers 
and Copenhagen fathers, twelve (21 per cent) de- 
veloped sixteen mammary cancers in an average of 
551 days. These tumor-bearers were five (20 per 
cent) of the males and seven (23 per cent) of the 
females. 

Chart 1 presents graphically for each sex the 
per cent of tumor-bearers in both parental strains 
and in both groups of reciprocal hybrids and shows 
clearly that both groups of hybrids were less sus- 
ceptible than their susceptible strain parents and 
more susceptible than their resistant strain par- 
ents and were not significantly different from each 
other. 

Table 2 shows further that the hybrid tumor- 
bearers developed less tumors per rat than their 
susceptible strain counterparts and that the mini- 
mum and average latent periods were longer. 
August line 990 tumor-bearers had an average of 
nearly four tumors per rat compared to an average 
of less than two in the hybrids. Slightly more mul- 
tiple tumors were observed in the hybrid progeny 
of th r.-istant strain mothers than in the hybrids 
of the reciprocal cross. The minimum latent period 
for mammary cancer in the August rats was 210 
days, compared to 328 and 363 days for the hy- 
brids. The average latent period varied from 485 
days in August rats to 551 and 632 days for the 
cancers that developed in the two groups of hy- 
brids. The longer latent period was observed in the 
hybrids of the resistant strain mothers, but in both 
groups ther’ ~*s too much variability for the dif- 
ference to be significant. 

Unlike the mammary cancers reported in agent- 
free mice, these induced mammary cancers showed 
very little variation in morphology. Among the 
total of 351 induced cancers 343 were classified as 
papillary cyst adenocarcinomas of the type most 
frequently observed in mice with the agent, one 
was a solid carcinoma, and seven were mixed 
adenocarcinomas and squamous-cell carcinomas. 
The adenoacanthomas occurred in an A X C 
male, an August female, and five August males. 
The solid carcinoma was observed in a hybrid fe- 
male from an August mother. 

The formation of calculi in the urinary bladder 
and associated cancer of the bladder mucosa in 
diethylstilbestrol-treated rats has been previously 
reported (5). Table 3 shows, for the rats used in the 
presently reported experiments, that thirteen of 
the treated August rats and 30 of the Copenhagen 
rats were found to have urinary calculi and that 
cancer of the bladder had developed in eight of the 
former and in 22 of the latter. The tendency was 
present in both parental strains and would, there- 


fore, be expected in their hybrid progeny. Bladder 
calculi were observed in seventeen of the hybrid 
progeny from Copenhagen mothers and in three of 
the hybrid progeny of August mothers. Cancer was 
present in eight of the former and in one of the lat- 
ter. In the previously reported (4) reciprocal F; hy- 
brids from Copenhagen and A X C crosses, blad- 
der calculi were found to be more frequent among 
the male progeny of Copenhagen females than 
among their female progeny, and it seems also to 
be true of these hybrids from Copenhagen mothers 
and August fathers. Thirteen of 44 treated hybrid 
males from Copenhagen females were found to 
have calculi, while only four of 32 hybrid females 
developed calculi. Calculi were observed in only 
one of 25 hybrid males from August females. This 
suggests the possibility that the Copenhagen 
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Cuart 1.—The percentage of mammary cancer in both 
sexes of parental strains and in the reciprocal F; hybrids. 


mother transmits some infective agent that. more 
readily gains access to the male urinary bladder to 
act as a nidus for the deposition of magnesium am- 
monium phosphate. 

The two parental strains, as previously report- 
ed (6), differed also in their tendency to develop 
adrenal tumors following treatment with diethyl- 
stilbestrol. As shown in Table 3, sixteen (22 per 
cent) of the treated August rats were found to have 
adrenal tumors. These occurred more frequently in 
males, only one having been observed in a female. 
No adrenal tumors were observed in treated Co- 
penhagen rats of either sex. On the basis of mor- 
phology, the tumors were classified as adenomas, 
although two of similar morphology were found to 
have generalized dissemination to the lungs. 
Twelve (16 per cent) of the hybrids from Copen- 
hagen mothers were found to have adrenal tumors, 
and six (11 per cent) of the reciprocal hybrids had 
adrenal tumors. In both groups the adrenal tumors 
were more frequent in males than in females. Since 
the higher percentage of tumors was observed 
among the male offspring of Copenhagen or re- 
sistant strain mothers, no evidence for the opera- 
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tion of a maternally transmitted etiological factor 
was obtained. 

Spontaneous neoplasms of types previously re- 
ported (3) for rats of this colony were observed in 
27 rats. These included nine lymphosarcomas that 
arose in the lymph nodes of the ileocolic mesen- 
tery. One of these neoplasms was observed in a 
A X C female, one in a Copenhagen male, four 
occurred in hybrids from Copenhagen females, and 
three in hybrids from August females. Tumors of 
the uterus were observed in six rats. These includ- 
ed one carcinoma in an A X C female; two sarco- 
mas, one each in a Copenhagen female and a hy- 
brid from a Copenhagen mother; and three mixed 
tumors, one in an A X C female, one in a hybrid 
from a Copenhagen mother, and one in a hybrid 
from an August mother. Two A X C females and 
one Copenhagen male had tumors of the thymus. 
Two A X C males and a hybrid female from a 
Copenhagen mother had subcutaneous sarcomas of 
the face and neck, and one hybrid male from an 
August mother had a liposarcoma of the chest wall. 
One hybrid male from a Copenhagen mother had a 
papillary carcinoma of the testis, the only unusual 
tumor of the group. Lymphatic leukemia occurred 
in four rats—one August male, one Copenhagen 
male, and one male and one female hybrid from 
August mothers. 

SUMMARY 


1. Diethylstilbestrol-induced mammary adeno- 
carcinoma occurred in an average of 632 days in 
eighteen (24 per cent) of 76 hybrid progeny ob- 
tained from crosses between resistant strain male 
and susceptible strain female rats. 

2. Among 56 similarly treated hybrids from re- 
ciprocal crosses, twelve (21 per cent) developed 
mammary adenocarcinomas in an average of 551 
days. 

3. Induced adrenal tumors were observed in 
twelve of the hybrids from resistant strain females 
and in six of the hybrids from the reciprocal 
crosses. Adrenal tumors were more frequent in the 
males than in the females of both groups of hy- 
brids and the susceptible parental strain. 


4. Diethylstilbestrol-induced bladder calculi 
and cancer occurred in both parental strains and in 
both groups of hybrids but were most frequent in 
the male progeny of Copenhagen line 2331 females. 

5. Spontaneous neoplasms, probably unrelated 
to the treatment, occurred with equal frequency 
in both hybrid groups. 

6. The F, hybrid progeny from reciprocal 
crosses between diethylstilbestrol-resistant and di- 
ethylstilbestrol-susceptible rats showed an equal 
susceptibility to tumors induced by this agent. 
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The Liver Nucleic Acid Incorporation of Adenine-8-C* 


during Azo Dye Carcinogenesis” 


A. C. Grirrin, WiLttiaM E. Davis, Jr., AND Marie O. Tirrt 


(Division of Biochemistry, School of Medicine, Stanford University, Stanford, Calif.) 


Brown and associates (2, 9) conclusively demon- 
strated that isotopically labeled adenine was in- 
corporated into the purines of the nucleic acids of 
normal tissues. The results of these and other in- 
vestigators indicated that the uptake of the 
labeled compound into the cytoplasmic ribonucleic 
acid (RNA) was considerably greater than that 
into the desoxyribonucleic acid (DNA). In re- 
generating liver or in tumors, however, the in- 
corporation into DNA was enhanced. Several in- 
vestigators have found that the nuclear RNA had 
a rapid turnover of the isotope when labeled 
compounds were injected or fed in the diet. 
Barnum and Huseby (1) reported that the rate of 
incorporation of P*? into the nuclear RNA of 
mouse liver was extremely high. The specific activ- 
ity of this fraction was greater than that of phos- 
pholipids and also that of the microsomal RNA. 
Davidson and McIndoe (6) observed that the 
RNA of nuclei isolated after the administration 
of P® had a higher specific activity than the 
DNA. Following administration of P*? to rats, 
Marshak (21) isolated from the nuclei of liver, a 
““pentosenucleic acid”’ with a specific activity 8-13 
times that the cytoplasmic RNA. Jeener and 
Szafarz (15), employing chromatographic technics 
for fractionation, found that the nuclear RNA of 
rat liver had a phosphorus specific activity 2 or 3 
times that of the cytoplasmic RNA fraction. 

Recently, Hurlbert and Potter (14) have ob- 
tained further evidence confirming the metabolic 
activity of the nuclear RNA. Labeled orotic acid 
was rapidly incorporated into the pyrimidines of 
this fraction. Tyner, Heidelberger, and LePage 
(28) observed that glycine-2-C!* was incorpo- 
rated into guanine and adenine of both liver DNA 
and RNA at nearly the same rate. Furst and 
Brown (8) have also made similar observations in 
nongrowing tissues indicating that DNA may be 


* This study was aided by a grant from the American 
Cancer Society on recommendation of the Committee on 
Growth of the National Research Council. 
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synthesized by different pathways. In subsequent 
studies Tyner, Heidelberger, and LePage (29) 
found that specific activities of and glycine-C' 
were higher in nuclear RNA fractions of liver and 
carcinoma transplants than in other nucleic acid 
fractions. In this laboratory (11, 30), P®? was ad- 
ministered to normal, azo dye-fed and tumor- 
bearing rats. The nuclear RNA from the liver of 
each group showed an initially high specific activ- 
ity of phosphorus. The present study was initiated 
to obtain further information concerning the 
metabolic activities of the nucleic acid fractions of 
normal and precancerous liver and tumor tissues. 
Adenine labeled with C'* was used, since it is 
readily incorporated into the tissue nucleic acids, 
and with adenine it is possible to avoid certain of 
the difficulties encountered with P*? in the com- 
plete fractionation of the phosphorus-containing 
compounds. A preliminary report has been made 
(12). 
METHODS 


Adenine labeled with C4 in position 8 was 
synthesized essentially by the procedure of Clark 
and Kalekar (5). C!*-labeled sodium formate, 
when mixed with 4,5,6-triaminopyrimidine in a 
hydrochloric acid solution, failed to yield crystals 
of 4,6-diamino-5-formylaminopyrimidine hydro- 
chloride. The procedure was therefore modified by 
taking the reaction mixture to dryness in a vacuum 
desiccator. The crystalline residue obtained was 
then used for cyclization without purification. The 
yield of adenine from 4,5,6-triaminopyrimidine 
was 40 per cent. Two fractions of adenine of dif- 
ferent isotopic activity were obtained: the crystal- 
line product of the reaction (which was later 
diluted with nonisotopic adenine) and a less active 
fraction resulting when the mother liquor was 
“‘washed”’ with nonisotopic adenine. Both prod- 
ucts were checked chromatographically against 
known adenine samples. An Rf value of 0.33 was 
obtained with Schleicher and Schull No. 597 filter 
paper and a butanol-water solvent. The products 
and the eluates from the chromatograms showed 
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an adsorption peak of 261 my which result checks 
with the findings of Cavalieri e¢ al. (3). 

Albino male rats of the Holtzman-Sprague 
Dawley strain were maintained on a semisynthetic 
control diet for 6—7 weeks (13). At this time they 
weighed approximately 250 gm. Each animal was 
injected intraperitoneally with 3 ue. of the isotopic 
adenine (1 uc/mg adenine) in 2 ml. of 0.1 m phos- 
phate buffer at pH 7. Two rats were sacrificed at 
the end of 3 and 24 hours and at the end of 7 days. 
Another group of rats was maintained for approxi- 
mately 7 weeks on the control diet containing 0.06 
per cent 3’-methyl-4-dimethylaminoazobenzene. 
This group was designated as the precancerous 
group and was injected and sacrificed like the 
above control group. At the time of sacrifice, the 
livers of these animals were cirrhotic and exhibited 
the precancerous changes usually evident at this 
time. For the tumor study, seven rats of the same 
strain were maintained on the control diet plus the 
dye for 12 weeks and were then fed the dye-free 
diet for an additional 5 weeks. Liver tumors could 
be palpated in these animals at this time. These 
animals were injected with 2.5 ue. of adenine and 
sacrificed as described. The tumors from two or 
three animals were pooled for the subsequent frac- 
tionations. 


In the normal and precancerous groups, the livers were per- 
fused, removed, and immediately frozen. In the tumor group, 
the tumors were freed of surrounding liver tissue and from any 
necrotic tissue. The liver or tumors were homogenized with cold 2 
per cent citric acid (1 gm. tissue made up to 10 cc. with citric 
acid) for 3 minutes in a Waring Blendor at half speed. This 
homogenate was termed fraction I. On centrifugation at 2,000 
r.p.m. in a Servall angle centrifuge (Model SS1), the nuclei 
from the homogenate remaining after removal of fraction I 
were separated. The nuclei were resuspended and washed 
twice more with cold 2 per cent citric acid, essentially as de- 
scribed by Dounce (7). Microscopic examination revealed that 
the nuclei were apparently free of cytoplasmic contamination. 

The nuclei and aliquots of fraction I were separately ex- 
tracted with cold 10 per cent TCA (trichloroacetic acid) and 
then with cold 5 per cent TCA. The combined acid-soluble 
extracts constituted fractions II and N-II. The letter N was 
used to designate the fractions from nuclei. The residue from 
the acid extraction was then extracted once with ethanol, twice 
with hot 3:1 ethanol-ether, and once again with ethanol. 
These combined extracts were designated as the lipid fractions, 
III and N-III. 

The method of Schneider (27) was used to separate the total 
nucleic acids. The residue of the ethanol extraction was heated 
for 20 minutes at 90° C. in 5 per cent TCA. After being centri- 
fuged, the supernate containing the nucleic acids was decanted 
off (fractions IV and N-IV), and a residue designated as 
phosphoprotein (fractions V and N-V) remained. In the case of 
the nuclear material, and in some cases with the whole liver 
material, fractionation with the methods of Schmidt and 
Thannhauser (26) was employed on the residue following the 
lipid extraction. This residue was hydrolyzed at 37° C. for 24 
hours in 1m KOH. The resulting clear solution was neutralized 
with HCl, and the DNA and protein were precipitated by the 
addition of 5 per cent TCA. The precipitate was washed and 


then heated at 90° for 20 minutes with 5 per cent TCA. This 
mixture was centrifuged, and the supernate constituting the 
DNA fraction (VII and N-VII) was decanted from the protein 
residue (VIII and N-VIII). The supernate from the KOH 
hydrolysis constitutes the RNA and nuclear RNA fractions 
(IX and N-IX). 

DNA was determined on fractions IV and N-IV by the 
diphenylamine color reaction (27). Phosphorus (17) was de- 
termined in all fractions in order to check the efficiency of the 
fractionation procedures. Aliquots of each of the fractions were 
pipetted onto aluminum disks and counted with a Tracerlab 
autoscaler equipped with an automatic sample changer and 
windowless tube constructed in this laboratory (23). Samples 
containing TCA were neutralized with NH,OH to stop any 
reactions with the aluminum. When the samples were nearly 
dry, a few drops of a very dilute solution of monomethyl- 
aniline in acetone were put on the plate. After complete drying 
under infrared lamps, the TCA salt was completely dispelled. 
Graphs of C"* self-adsorption were prepared by plating varying 
weights of tissue to which known amounts of the radioisotope 
had been added. The corrections for most of the samples were 
negligible; however, the IX and N-IX samples required salt 
self-absorption corrections because of the KCl present. The 
results were calculated for each fraction as disintegrations per 
second per gram of fresh liver or tumor tissue. Results were also 
calculated in terms of phosphorus as C'* disintegrations/ 
second/mg of phosphorus. 


RESULTS 


Total recovery of C'* in the constituent frac- 
tions was good, and the accuracy of the fractiona- 
tion procedure was also checked by phosphorus 
determinations. There was no evidence of C14 
activity in the lipid or protein fractions. The 
normal liver DNA ranged from 300 to 360 mg. per 
cent. Livers from azo dye-fed animals contained 
from 470 to 520 mg. per cent and the tumor 
tissues from 553 to 798 mg. per cent of DNA. The 
percentage recovery of DNA in the nucleic prepa- 
rations was from 77 to 90 per cent of the total. 

Three hours following administration of the 
adenine, the livers from the control and azo dye 
rats and the liver tumors all exhibited essentially 
the same concentration of C!4 (Table 1). The con- 
centration of isotope in these tissues was reduced 
at each subsequent time interval. There were no 
significant differences among the normal liver, 
precancerous liver, and the tumor tissues in the 
acid soluble isotope activity. | 

From Table 1 it may be observed that the 
nuclear RNA fraction has a high rate of incorpora- 
tion and turnover of the labeled adenine. Three 
hours following the administration of this com- 
pound the nuclear RNA fraction C"‘ activity was 
equal to or greater than the cytoplasmic RNA iso- 
tope activity. The DNA fractions, N-VII, had 
relatively little activity at this time, however; 
the tumor tissues had the highest activity, and 
the normal tissue the least activity in this re- 
spect. At subsequent time intervals the cyto- 
plasmic RNA contained more of the labeled ade- 
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nine while the activity of the nuclear RNA sue. After an interval of 7 days, however, the C" 
diminished. The DNA C" activity increased at the phosphorus values in the DNA and the cytoplas- 
later periods following the labeled adenine injec- mic RNA were increasing. 

tion. In Chart 1 the relative uptakes of C'‘ in the 

various nucleic acid fractions were plotted with DISCUSSION 

respect to the total nucleic acid uptake. The cyto- The rapid incorporation of the labeled adenine 
plasmic RNA values were obtained by difference. by the nuclear RNA is in agreement with the 
Several of the cytoplasmic RNA fractions were observations of several other groups employing 
checked by direct isotope determinations. The re- P*? (1, 11, 15, 21), labeled glycine (19, 29), and 
sults were in essential agreement with the values _ orotic acid (14). Calculations made from the data 


TABLE 1 


INCORPORATION OF C BY FRACTIONS DERIVED FROM NORMAL, PRECANCEROUS, AND CANCEROUS 
LIVER TISSUE FOLLOWING ADMINISTRATION OF LABELED ADENINE 
TIME AFTER ADMINISTRATION OF ADENINE 


3 hours 24 hours 7 days 
FRACTION Control 3’-Me-DAB* Tumor Control 3’-Me-DAB Tumor Control 3’-Me-DAB Tumor 


I Homogenate 

Carbon-147 1,277 1,400 1,200 765 920 670 340 590 234 

Phosphorus{ 330 338 250 345 375 260 274 323 278 

C4/PS§ 385 415 480 223 246 258 125 183 84 
Il Acid-soluble 

Carbon-14 915 1,030 1,040 473 485 324 101 194 63 

Phosphorus 87 101 84 74 105 65 73 92 78 

C4/P 1,055 1,020 1,230 632 461 498 138 212 81 
IV Total nucleic acids 

Carbon-14 68 114 153 250 304 230 194 360 126 

Phosphorus 76 92 86 102 103 83 66 87 90 

C'4/P 89 124 176 246 295 277 293 414 140 
N-IV Total nuclear nucleic acids 

Carbon-14 33 63 136 100 108 96 53 108 53 

Phosphorus 31 35 50 50 51 45 35 40 47 

C4/P 106 180 273 200 212 214 150 270 114 
N-VII Desoxyribonucleic acid 

Carbon-14 . 0 3 20 1 30 41 5 50 30 

Phosphorus 20 32 29 17 36 33 15 Q7 30 

C/P 0 9 70 6 83 124 33 185 100 
N-IX Nuclear ribonucleic acid 

Carbon-14 35 49 160 92 65 60 48 68 

Phosphorus 13 9 20 20 19 14 18 14 19 

C4/P 270 544 800 460 342 428 266 480 174 

* 3’-Me-DAB (3’-methyl-4-dimethylaminoazob ) fed in diet for 7-8 weeks. 


t Disintegrations/sec/gm fresh tissue. 
t Total phosphorus expressed as mg/100 gm of fresh tissue. 
§ Disintegrations/sec/mg P. 


All C14 values for fractions derived from tumors were multiplied by a factor of 1.2 to correct for smaller quantity of isotope administered. 


obtained by difference. Shortly after the adminis- 
tration of adenine-8-C!*, the nuclear RNA con- 
tained a relatively high percentage of all the iso- 
tope present in the total nucleic acid fraction. This 
was especially evident in the tumor tissues. At sub- 
sequent time intervals the nuclear RNA decreased 
while the isotope activities in the DNA and the 
cytoplasmic RNA were increasing. 

Another expression of the isotope incorporation 
was obtained by calculation of the ratio of C'* up- 
take to phosphorus. It may be observed from Table 
1 that the C'4 uptake relative to phosphorus is 
higher in the nuclear RNA than any other nucleic 
acid fractions 3 and 24 hours following the ad- 
ministration of the adenine. This was especially 
true for the precancerous liver and the tumor tis- 


of Price and associates (25) indicated that the 
nuclear RNA fraction constitutes approximately 
25 per cent of the total nucleic acid of the nucleus 
or 9 per cent of the nucleic acid of normal whole 
rat liver. For animals fed diets containing 3’-Me- 
DAB, the values are 20 and 12 per cent, respec- 
tively. Histochemical observations also indicate 
that the nucleolus, in which most of the nuclear 
RNA is found, constitutes a relatively small per- 
centage of the total cellular volume. In the present 
study the nuclear RNA, or at least the alkali 
soluble fraction of isolated liver cell nuclei, con- 
tained 50 per cent of the total C'* activity of the 
tissue nucleic acid fraction 3 hours following ad- 
ministration of the adenine. On the basis of a 
relative activity (C!4/P), this fraction exhibited 
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the highest uptake of the labeled adenine of all 
the nucleic acid fractions, at this time period. At 
subsequent periods the nuclear RNA activity was 
decreasing while the DNA and the cytoplasmic 
RNA were increasing in C!* activity, indicating 
that the nuclear RNA is the most active of the 
cellular nucleic acid fractions and may possibly be 
the precursor of other components of the cell. 
Other investigators have proposed this possibility 
(15, 21). The nuclear RNA of normal liver also 
has a high uptake of the C1‘, which fact suggests 
that the fraction may be involved in functional 


metabolic activities as well as in cellular growth 
and development. Marshak (22) analyzed the 
nuclear RNA and other cellular nucleic acid frac- 
tions of several tissues for their constituent purine 
and pyrimidine content. The nuclear RNA was 
different in composition from other nucleic acid 
fractions and was characterized by a low pyrimi- 
dine content. 

There were no appreciable differences between 
normal liver and liver tumors in their total uptake 
to the C'*-labeled adenine. In a previous study in- 
volving labeled glycine (10), the proteins of liver 
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CHart 1.—Per cent uptake C** (adenine) in various 


nucleic acid fractions with respect to whole tissue or total 


nucleic acids. Solid, shaded, and unshaded areas represent 
normal, precancerous, and tumor tissues, respectively. 
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exhibited a faster incorporation of isotope than 
the proteins of liver tumor. Zamecnik et al. (31) 
obtained similar results with C!4-labeled glucose 
and amino acids. In studies with glycine, Tyner 
et al. (28) also found that the protein of liver in- 
corporated the isotope faster than the protein 
of Flexner-Jobling carcinoma. In contrast, how- 
ever, the nucleic acids of the tumor incorporated 
the glycine faster than the nucleic acids of liver. 
In vivo studies involving slice technics have demon- 
strated that proteins of hepatoma tissue have a 
far greater uptake of labeled isotope than proteins 
of liver (31). The difference in the incorporation by 
protein of isotopes between the in vivo and in 
vitro studies, according to Zamecnik, may be at- 
tributed to a circulatory impairment of the tumor 
in the living animal and perhaps the nonuniform- 
ity of tumor tissues. LePage (19) incubated cell 
suspensions of mouse liver and also ascites tumors 
in a medium containing labeled glycine. The pro- 
teins and purines of the tumor cells were labeled 
to a greater extent than those of liver cells. 

Kelly and associates (16) have reported that the 
noncancerous tissues of tumor-bearing mice have a 
greater incorporation of administered P** in the 
DNA than the corresponding tissues from normal 
animals. A decrease in the P*? incorporation into 
nuclear RNA of liver in mice bearing carcinoma 
was noted (24). Cerecedo et al. (4) found an in- 
crease in the content of DNA and RNA in the liver 
and lung of mice bearing sarcomas. It is not im- 
mediately evident why the nuclear RNA in nor- 
mal tissues of tumor-bearing animals should show 
a decrease in the incorporation of P*? while the in- 
corporation into DNA is increased. These findings 
do not support the hypothesis that RNA is neces- 
sarily a precursor of DNA. The glycine studies of 
Furst and Brown (8) and Tyner and associates 
(28) indicate that the DNA of normal tissues is 
being synthesized at a greater rate than is indi- 
cated from studies with P*? and labeled adenine. 
As had been pointed out, DNA may be synthe- 
sized by different pathways. Recently, Litt, 
Monty, and Dounce (20) and Krakaur and associ- 
ates (18) have reported methods whereby nucleoli 
may be isolated from tissue homogenates. These 
direct procedures should facilitate studies involv- 
ing the composition as well as the metabolic and 
growth significance of the nuclear ribonucleic acid. 


SUMMARY 


1. Normal albino rats, rats fed diets containing 
the carcinogenic azo dye 3’-methyl-4-dimethyl- 
aminoazobenzene, and rats with liver tumors were 
given intraperitoneal injections of solutions con- 
taining adenine-8-C!*. Animals were sacrificed 


from each group at 3 hours, 24 hours, and 7 days 
following the administration of the isotope, and 
the liver and tumors were fractionated into acid- 
soluble, total nucleic acid, DNA and nuclear RNA 
fractions. C14 activity and phosphorus were deter- 
mined on all fractions. 

2. The incorporation of the isotope by DNA 
was greatest in the tumor tissue, intermediate in 
the liver from the dye-fed animals, and least in the 
normal liver. The concentration of isotope for each 
tissue increased at each time interval following the 
administration of the labeled adenine. 

3. The isotope was incorporated into the 
nuclear RNA at a greater rate than into the other 
nucleic acid fractions. This was especially true for 
the tumor tissue; however, there was also consider- 
able activity in this fraction obtained from the 
livers of the normal and the dye-fed animals. At 
subsequent periods following the administration 
of the labeled adenine, the activity of this nuclear 
RNA decreased while the DNA and the cyto- 


plasmic RNA were increasing. 
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Combination Chemotherapy with 8-Azaguanine and 
Sex Hormones on a Mouse Mammary Carcinoma* 


DaniEL M. SuHapiroft 


(Department of Surgery, College of Physicians and Surgeons, Columbia University, New York 32, N.Y.) 


The possibility that more effective cancer 
chemotherapy may be achieved by treatment with 
combinations of two or more agents has received 
increasing attention recently. Skipper (8) has re- 
ported an antileukemic synergism between ure- 
than and methylbis(2-chloroethyl)amine. Stoerk 
(9) presented evidence for increased growth 
retardation of lymphosarcoma implants in animals 
on a_pyridoxine-deficient diet after the ad- 
ministration of either cortisone or methyl testo- 
sterone with desoxypyridoxine. Shapiro and Gell- 
horn (7) demonstrated that a transplantable car- 
cinoma in mice may be inhibited to a significantly 
greater extent when the carcinostatic agent 8-aza- 
guanine is combined with desoxypyridoxine, folic 
acid, or 7-methyl] folic acid. Both Law (3) and 
Goldin and his collaborators (2) have observed 
additive effects upon an acute lymphoid leukemia 
in mice with a combination of two antimetabo- 
lites, aminopterin and 8-azaguanine. 

These reports of synergism between chemo- 
therapeutic agents provide data of experimental 
and potential clinical interest. In view of these 
findings, it was decided that the catalytic role in 
biochemical reactions attributed to hormones 
warranted their evaluation with anti-cancer 
agents. The successful clinical use of the sex 
hormones in certain malignant growths prompted 
the selection of these compounds for initial study. 
The present report concerns the findings on a 
transplantable carcinoma when treated with 8- 
azaguanine in combination with either testo- 
sterone or stilbestrol, or both. 

An unexpected result of these studies was the 
demonstration that stilbestrol alone inhibited the 
growth of a transplantable mammary carcinoma. 
A review of the literature revealed that no other 
laboratory tumor has been reported susceptible to 
stilbestrol therapy. It was further demonstrated 

* This work was supported by gifts from the Ruth Cutting 
Auchincloss Memorial Fund, Mr. Robert Chambers (de- 


ceased), Mr. Charles Allen, Jr., and Dr. William Grosfeld. 
+ Fellow of the Dazian Foundation. 
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that the combination of 8-azaguanine and stil- 
bestrol had a striking carcinostatic effect upon the 
mammary adenocarcinoma. 


METHODS 


The neoplasm employed in this study was the 755 tumor, a 
transplantable mammary adenocarcinoma, grown in C57BL 
mice. The consistent carcinostatic action of 8-azaguanine upon 
this tumor has been previously recorded (1). 

The mice were maintained in plastic cages in an air-condi- 
tioned constant-temperature room (74° F.) and were offered 
Rockland pellets and water ad libitum. Mice, 2-3 months old 
and weighing 18-25 gm., were given inoculations of tumor 
fragments in the axillary region by the usual trocar method. 
Daily therapy was initiated at various intervals after trans- 
plantation, as indicated in the tabular summaries, and con- 
tinued until the experiment was completed. Objective evidence 
for the presence or absence of anti-neoplastic effect was based 
on the wet weights of the tumors determined to the nearest 
milligram. In making a statistical evaluation of the significance 
of the difference between two mean tumor weights (m; and mz), 
the results have been considered beyond chance variation when 


M2 


V (om)? + (ome)? 


= 2.5 or greater . 


The guanine analog, 8-azaguanine,! was dissolved in 0.1 N 
NaOH as previously described (1), and injected intraperitoneal- 
ly. Diethylstilbestrol! was dissolved in sesame oil and injected 
intramuscularly. Both aqueous testosterone! and testosterone 
proprionate in oil! were also administered intramuscularly. 


RESULTS 


The administration of testosterone did not 
affect the growth of the 755 tumor, as may be con- 
cluded from the findings recorded in Table 1. With 
the exception of experiment 19A, the results of the 
remaining four experiments, summarized in Table 
2, reveal that the combination of 8-azaguanine and 
testosterone produces no greater effect on the 
tumor’s growth than can be obtained with 8- 
azaguanine alone. The marked weight gain in the 
testosterone-treated mice is to be noted. 

Table 3 summarizes the results of experiments 


1 We wish to express our appreciation to Dr. J. M. Ruegseg- 
ger of the Lederle Labs., Pearl River, N.Y., for the 8-aza- 
guanine; to Dr. A. Gibson of Merck & Co., Inc., Rahway, 
N.J. for the diethylstilbestrol; and to Dr. E. Henderson, 
Schering Corporation, Bloomfield, N.J., for the testosterone 
preparations. 
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with stilbestrol, administered either alone or in 
combination with testosterone. In every experi- 
ment stilbestrol significantly inhibited the growth 
of this mammary mouse carcinoma. As is common 
in animals treated with stilbestrol, a moderate 


TABLE 1 


EFFECT OF TESTOSTERONE ON THE 755 CARCINOMA 
IN C57BL MICE 


Mean tumor No. Per cent 
Exp. wt. animals change in 

no Sex Group (mg.) dead/total body wt. 
7 ) Controls 1,087 0/30 +13 
Testosterone 942 0/30 +49 
12A fet Controls 1,041 0/20 +14 
Testosterone 1,023 1/20 +20 
15A fet Controls 1,041 1/19 + 4 
Testosterone 888 2/20 +12 
15B of Controls 948 0/20 + 7 
Testosterone 1,023 0/19 +14 


Note: The experiments vary in the time interval after transplantation at 
which therapy was begun (from 3 to 5 days) and in the duration of tumor 
growth (from 17 to 20 days). ene 

Either aqueous testosterone (7, 12A) or testosterone proprionate in oil 
(15A, 15B) was administered intramuscularly daily. Experiment 7 received 
25 mg/kg; experiments 12A, 15A, and 15B received 50 mg/kg of body weight. 


TABLE 2 


EFFECT OF TESTOSTERONE IN COMBINATION WITH 
8-AZAGUANINE ON THE 755 CARCINOMA 


IN C57 MICE 
Meantumor No. Per cent 
Exp. wt. animals change in 

no. Sex Group (mg.) dead/total body wt. 
14B of Azaguanine 232 0/28 — § 
Aza.+ Test. 235 0/20 + 1 
15A 9 Azaguanine 180 1/20 — 2 
Aza.+ Test. 204 0/20 + 1 
15B ‘ot Azaguanine 188 1/19 — 2 
Aza.+ Test. 231 2/20 +23 
19A fot Azaguanine 944 1/20 +11 
Aza.+ Test. 388 1/20 +11 
19B 9 Azaguanine 471 0/19 + 8 
Aza.+ Test. 437 0/20 +14 


Note: The experiments vary in the time interval after transplantation at 
which therapy was begun (from 3 to 9 days) and in the duration of tumor 
growth (from 20 to 24 days). ; 

8-Azaguanine was administered daily at 50 mg/kg intraperitoneally; tes- 
tosterone proprionate in oil at 50 mg/kg intramuscularly daily. 


degree of weight loss is obtained. This is especially 
apparent in the stilbestrol-treated mice in experi- 
ment 15B. However, these animals received a 
larger dose of stilbestrol (50 mg/kg) than was 
given to mice in the other experiments (10 mg/kg). 
This weight loss is either completely prevented or 
minimized to insignificant levels by combining 
therapy with testosterone. This prevention of the 
toxic picture produced by stilbestrol on the weight 
of the treated animals is accomplished without 
blocking the growth-retarding effect of stilbestrol 
upon the tumor. 

The marked carcinostatic activity afforded by 
the combination of 8-azaguanine plus stilbestrol 


is presented in Table 4. With the exception of 
experiment 26, the addition of testosterone to 
this combination results in minimal weight loss 
with no reduction in carcinostatic activity. The 
results of these experiments recording enhanced 
carcinostasis due to the combination of stilbestrol 
with 8-azaguanine are statistically significant. 


DISCUSSION 
The mechanism by which testosterone prevents 
excessive weight loss produced by stilbestrol is not 
TABLE 3 


EFFECT OF DIETHYLSTILBESTROL, ALONE AND IN COM- 
BINATION WITH TESTOSTERONE, ON THE 755 
CARCINOMA IN C57BL MICE 


Mean tumor No. Per cent 
Exp. wt. animals change in 
no Sex Group (mg.) dead/total body wt. 
of Controls 948 0/20 +4 
15B Stilbestrol 404 0/20 —19 
Stilb.+ Test. 347 8/20 '— 
9 . Controls 1,534 0/15 + 6 
19C Stilbestrol 980 4/15 — 4 
Stilb.+ Test. 628 5/17 + @2 
fe) Controls 907 1/20 +8 
21 Stilbestrol 531 0/20 — 8 
Stilb.+ Test. 696 4/20 + 
25 9 Controls 910 0/19 + 7 
Stilbestrol 206 0/20 —10 


Note: The experiments vary in the time interval after transplantation at 
which therapy was begun (from 3 to 9 days) and in the duration of tumor 
growth (from 17 to 22 days). 

Both hormones were dissolved in oil and administered intramuscularly 
daily. Testosterone was given at 50 mg/kg; diethylstilbestrol at 50 mg/kg 
(X5) and 25 mg. (5) in experiment 15B and at 10 mg/kg in the other ex- 
periments. 


TABLE 4 
EFFECT OF COMBINATION OF 8-AZAGUANINE, DIETHYL- 
STILBESTROL AND TESTOSTERONE ON THE 
755 CARCINOMA IN C57BL MICE 


Mean 
tumor No. Per cent 
Exp. wt. animals change in 
no Sex Group (mg.) dead/total body wt. 
fot Azaguanine 944 1/20 +11 
19A Aza.+Stilb. 77 2/20 — 9 
Aza.+Stilb.+ Test. 52 4/20 — ] 
Q Azaguanine 471 0/19 + 8 
19B Aza.+Stilb. 59 3/20 —14 
Aza.+Stilb.+Test. 118 2/20 + 2 
2 Azaguanine 296 0/25. +5 
22 Aza.+Stilb. 102 0/25 — § 
Aza.+Stilb.+-Test. 152 3/25 0 
fot Azaguanine 576 1/20 + 3 
26 Aza.+Stilb. 211 1/20 — § 
Aza.+Stilb.+-Test. 171 1/20 — 8 


Norte: The experiments vary in the time interval after transplantation at 
which therapy was begun (from 7 to 10 days) and in the duration of tumor 
growth (from 20 to 24 days). 

Diethylstilbestrol (in oil) was given daily intramuscularly at 10 mg/kg; 
testosterone proprionate (in oil) was administered daily intramuscularly at 
50 mg/kg; and 8-azaguanine at 50 mg/kg intraperitoneally daily. 


understood. It is possible that this is not an 
antagonistic reaction between the two hormones. 
The known anabolic effect of testosterone upon 
protein metabolism may result in a weight gain 
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which effectively overcomes the weight loss pro- 
duced by stilbestrol. 

The beneficial response of certain human 
malignancies to stilbestrol therapy has warranted 
numerous studies to find a laboratory neoplasm 
which would similarly respond. These attempts 
have thus far been unsuccessful. Negative results 
have also been obtained by many workers using a 
variety of estrogens. However, Nathanson and 
Salter (5, 6) reported that Sarcoma 180 was in- 
hibited by estrone when the tumor was grown in 
C57BL mice but not when the tumors were borne 
by Bagg albino, strain A mice, unless the host’s 
resistance against the neoplasm was increased by 
preliminary “immunization.” The possibility that 
the proper genetic background is the only factor 
responsible for the effectiveness of stilbestrol 
against the 755 carcinoma seems doubtful in view 
of the report by Ludford and Dmochowski (4). 
These investigators studied the action of diethyl- 
stilbestrol upon ten different transplantable mouse 
tumors in mice of four inbred strains. It appears 
pertinent to note that their negative results en- 
compass two carcinomas carried in C57BL mice. 
Their results lend circumstantial support to the 
possibility that these reported findings may be 
specific rather than nonspecific. 


SUMMARY 


1. Diethylstilbestrol inhibits the growth of the 
755 mammary adenocarcinoma in C57BL mice. 

2. The combination of 8-azaguanine and stil- 
bestrol has a striking carcinostatic effect upon the 
755 tumor. | 

3. Weight loss induced by stilbestrol in the ex- 


perimental animals is reduced to insignificant 
levels by the addition of testosterone, without af- 
fecting carcinostatic activity. 
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An Electrophoretic Study on the Origin of the Abnormal 
Plasma Proteins in Multiple Myeloma” 


Lorenz MILier,t Ciark E. Brown, EsHELMAN MILLER, 
AND Epwarbp 9S. EITELMAN 


(The Institute for Cancer Research, the Lankenau Hospital Research Institute, 
and the Lankenau Hospital, Philadelphia, Pa.) 


Multiple myeloma is usually accompanied by a 
high level of globulins in the plasma (3). A pos- 
sible site of origin of the high level of plasma globu- 
lins is the rather abundant cytoplasm of the mye- 
loma cells themselves. Direct evidence for this is 
provided by the report of Martin (5) that the sedi- 
mentation properties of globulins present in ex- 
tracts of a tumor from a multiple myeloma subject 
were similar to those of the abnormal globulins ob- 
tained from the plasma of the same subject. Also 
suggestive is the finding of Agren (2) that the 
amino acid content of a preparation of Bence- 
Jones protein obtained from tumor tissue was sim- 
ilar to that of the Bence-Jones protein obtained 
from the urine of a multiple myeloma subject. 
More indirect evidence comes from observations of 
Rundles, Dillon, and Dillon (11) that treatment 
with urethan of subjects with multiple myeloma 
produced a simultaneous inhibition of the growth 
of myeloma cells and decrease in the level of ab- 
normal plasma proteins. Finally, it appears likely, 
although it has not been proved, that the crystal- 
line cytoplasmic inclusions (6, 12) found in mye- 
loma cells may represent this same, or related, ab- 
normal protein. 

To obtain additional and more conclusive evi- 
dence on this question, comparisons between mul- 
tiple myeloma plasma and extracts of multiple 
myeloma tumor tissue were made in the present in- 
vestigation by means of electrophoresis. Tumor 
tissue from vertebrae, ileum, and lymph nodes 
was obtained from a typical multiple myeloma 
subject at autopsy. The material from the marrow 
and the lymph nodes was composed very largely of 
myeloma cells, while that from the ileum was al- 

* This investigation was supported in part by a research 
grant from the National Cancer Institute, of the National 
Institutes of Health, Public Health Service, and in part by a 
grant from the American Cancer Society. 


+ Present address: Pioneering Research Laboratories, U.S. 
Army Quartermaster Corps, Philadelphia. 
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most entirely made up of the myeloma cells. Con- 
trol experiments were carried out with normal ver- 
tebral marrow, normal lymph nodes, and also with 
tumor tissue from a bone malignancy other than 
multiple myeloma, namely, myelogenous leuke- 
mia. In special studies, an effort was made to ex- 
clude blood or lymph as possible contaminants in 
the extracts. Vertebral marrow obtained at autop- 
sy from a subject with multiple myeloma that had 
undergone treatment with urethan also was inves- 
tigated. 


MATERIALS AND METHODS 


Sources of material.—Subject MM, a 55-year- 
old female, showed on admission to Lankenau 
Hospital an anemia, a marked hyperglobulinemia, 
the presence of Bence-Jones protein in the urine, 
and the presence of abnormally high proportions of 
myeloma cells in the sternal marrow, but no 
skeletal irregularities as revealed by x-ray. Electro- 
phoretic examination of her blood plasma demon- 
strated the presence of a large, sharp peak migrat- 
ing somewhat slower than normal y:2-globulins. 
Skeletal changes gradually became prominent, and 
the patient died 12 months after her original symp- 
toms of chest oppression. She had been given pal- 
liative treatment with blood transfusions, but no 
urethan. At autopsy, affected vertebrae, ileum, 
and lymph nodes were removed and stored tem- 
porarily at dry ice temperature. 

Subject MF, a 48-year-old female, showed a 
clinical picture similar to that of subject MM, ex- 
cept that the abnormal electrophoretic component 
of her plasma possessed a mobility much closer to 
that of normal y.-globulins. This patient was 
given urethan by mouth at the rate of 4 gm/day 
for a period of 2 weeks, but died 8 weeks after ter- 
mination of the treatment. Affected vertebrae 
were obtained at autopsy. 

Subject MM, a 60-year-old female, died of acute 
myelogenous leukemia. Affected vertebrae were 
obtained at autopsy. 
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Subject EH, an 82-year-old male, died of coro- 
nary sclerosis. Vertebrae obtained at autopsy ap- 
peared entirely normal and were used as such. 

Subject MT, a 35-year-old female, died of 
rheumatic myocarditis. Samples from numerous 
hyperplastic lymph nodes obtained at autopsy ap- 
peared otherwise normal and were used as such. 


Extraction technics.—For extracting the vertebral marrow, 
the marrow was first cut with the aid of a coping saw into 
strips about 2 mm. in thickness. The strips were then broken 
into small pieces, mixed with 4 volumes of 0.1 N buffered 
NaCl (7) at pH 7, and homogenized for 2 minutes in a Waring 
Blendor at 4° C. Approximately 9 gm. of marrow was used for 
a given extraction. The homogenates were finally clarified by 
centrifugation. These extracts were quite red in color, however, 
owing to contamination with hemoglobin from blood in the mar- 
row. 

For extracting the solid tumor masses from the ileum, and 
also for extracting the lymph node tissues, these tissues were 
first carefully rinsed in isotonic saline to remove most of the 
adhering blood. After this treatment, the tissues were only 
slightly pink in color. The weights of samples of these tissues 
were 1.4-5.8 gm. They were then extracted in the Waring 
Blendor, and the resulting extracts were clarified by centrif- 
ugation. 

Even though precautions were thus made to remove blood 
as a contaminant in the extracts, it still appeared possible that 
lymph fluid between the individual cells of the tissues might 
contribute contaminating protein. To obviate this final source 
of contamination, free myeloma cells were prepared. To obtain 
the cells, 47 gm. of affected vertebral tissue were sliced and 
broken and were then suspended in 2 volumes of isotonic 
saline and shaken gently for 5 minutes at room temperature. 
Microscopic examination of the fresh suspension, stained with 
Wright’s stain, showed many free, very few clumped, myeloma 
cells. The suspension was decanted from the larger pieces of 
tissues and was poured through a funnel having a loose plug 
of glass wool. The filtrate was centrifuged briefly to pack the 
cells, and the supernatant fluid was discarded. The original 
pieces of vertebral tissue were resuspended in saline, the entire 
process was repeated several additional times, and the differ- 
ent batches of cells were combined. The preparation thus ob- 
tained was then homogenized with 2 volumes of buffered 
NaCl, and the resulting extract was finally clarified by centrif- 
ugation. 

Electrophoretic experiments.—The electrophoretic measure- 
ments were carried out in the Longsworth modification of the 
Tiselius apparatus. The boundary patterns were recorded with 
the aid of the Philpot-Svensson cylindrical lens-knife edge 
optical system. The angle of the knife edge was varied in dif- 
ferent experiments, depending upon the protein concentration. 
Photographs of the boundary patterns were taken with the aid 
of infrared light and infrared sensitive plates, since the extracts 
were usually opalescent and often pigmented with hemoglobin. 
The buffer used in all the experiments was 0.1 Nn diethyl 
barbiturate at pH 8.6, against which the test samples were 
equilibrated before electrophoresis. 

Protein concentrations of the plasmas and extracts were 
based on nitrogen contents determined by a micro-Kjeldahl- 
Nessler method (8) and the use of a factor of 6.25. 


RESULTS 


The electrophoretic pattern for the plasma of 
multiple myeloma subject MM is shown opposite 
a at the top of Chart 1. The large, sharp peak of 


the abnormal! plasma component, labeled y, may 
clearly be seen. This component was found to have 
a mobility in the ascending limb of 0.9, which was 
significantly lower than the corresponding value of 
1.4 units found for normal 72-globulins.? Opposite 


(C) 


Y 


EXTRACT OF ISOLATED MYELOMA CEILS OF SUSJECT iM 


Cuart 1.—Electrophoretic patterns of ascending bound- 
aries of plasma of multiple myeloma subject MM and of 
extracts of tumor of the same subject. The direction of migra- 
tion is from left to right. The peak at the far left in each pat- 
tern represents the salt boundary. Time of electrophoresis: ap- 
proximately 140 minutes at 23 milliamperes. Protein concen- 
trations: (a) 1.0 per cent after dilution to ;'5; (b) 0.9 per cent 
after dilution to 4; (c) 0.5 per cent; (d) 0.6 percent; (e) 0.3 per 
cent. 


b on the figure is presented the electrophoretic pat- 
tern of the extract of the vertebral marrow of this 


! Although the 7 component observed in the pattern of the 
myeloma plasma is not detectable in patterns of normal 
plasma, one cannot say with certainty that it is completely 
absent in the latter. It appears reasonable, however, to describe 
the component as “‘abnormal,”’ since even if it were not ab- 
normal from a qualitative point of view, it still would be 
abnormal quantitatively. 


2G. L. Miller and E. E. Miller, unpublished data. 


7 
be 
A 
PLASMA OF MULTIPLE MYELOMA SUBJECT Mi ; 
7 
Aan 
EXTRACT OF SOLID TUMOR FROM ILEUM OF SUBJECT MM : 
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same subject. Opposite c is the corresponding pat- 
tern for the rinsed solid myeloma tissue from the 
ileum; opposite d is the pattern for the rinsed 
lymph node tissue; and opposite eis the pattern for 
the isolated myeloma cells from the marrow, all 
still from this same subject. The presence of the 
characteristic abnormal protein is evident in each 


CD) 


EXTRACT OF NORMAL MARROW 


ae 


(D) 


EXTRACT OF NORVAL LYMPH NODES 


(C) 


EXTRACT OF MARROW OF MYELOGENOUS LEUKEMIA SUBJECT 


Cuart 2.—Electrophoretic patterns of ascending bound- 
aries of extracts of normal marrow, of normal lymph nodes, 
and of myelogenous leukemia marrow. Protein concentrations: 
(a) 0.9 per cent after dilution to 4; (b) not determined; (c) 0.9 
per cent after dilution of 4. 


of these diagrams, as well as in the diagram of the 
plasma. Its presence in the extracts of the washed 
solid myeloma and lymph node tissues minimizes 
the possibility that it resulted from contamination 
by blood, while its presence in the extract of the 
free myeloma cells minimizes the possibility of 
contamination by either blood or lymph. 

In Chart 2 are shown the electrophoretic pat- 
terns for the control experiments. As may be seen, 
the extracts of the normal marrow, the normal 
lymph tissue, and the marrow of the myelogenous 
leukemia subject all failed to reveal significant 
quantities of the distinctive myeloma component. 
These results indicate that the occurrence of the 
myeloma type of protein is peculiar to tissues con- 
taining myeloma cells. 

In Chart 3, patterns for the plasma of myeloma 
subject MF, before treatment with urethan, and 
for extracts of her bone marrow obtained at 
autopsy after treatment are shown. The absence in 
the marrow extract of significant amounts of the 
abnormal protein which characterized the plasma 
may be explained on the basis of the effect of 
urethan in inhibiting the growth of myeloma cells 


and, as a consequence, in inhibiting the production 
of the myeloma protein. Other evidence for the ef- 
fect of the urethan in this subject was provided by 
microscopic examination of the marrow, which re- 
vealed the development of an aplastic condition, 
and by determinations of plasma protein level, 
which revealed a marked drop in the globulin frac- 
tion from 11.5 gm/100 cc to 5.0 gm/100 ce during 
the course of the treatment. 


DISCUSSION 


The demonstration that the plasma proteins 
and the myeloma cells of a case of multiple mye- 
loma contained the same abnormal protein favors 
the interpretation that the abnormal component 
was manufactured by the cells in the first place. It 
does not seem likely that the protein could have 
been manufactured elsewhere in the body and sub- 
sequently accumulated by the myeloma cells. The 
data are too few, however, to permit the conclusion 
that the abnormal plasma proteins will always be 
found to occur within myeloma cells. Since the 


PLASMA OF MULTIPLE MYELOMA SUBJECT MF BEFORE URETHAN TREATMENT 


OF MARROW OF MF AFTER URETHAN TREATMENT 


Cuart 3.—Electrophoretic patterns of ascending bound- 
aries of plasma of multiple myeloma subject MF before treat- 
ment with urethan and of extract of marrow of the same 
subject after treatment. Protein concentrations: (a) 1.5 per 
cent after dilution to 4; (b) not determined. 


proteins distinctive for multiple myeloma have 
been previously shown by other investigators to 
have a variety of electrophoretic mobilities (11) 
and molecular sizes (10), it is conceivable that dif- 
ferences in their physical-chemical properties 
might be related to their rate of manufacture by 
the cells, their rate of secretion or shedding by the 
cells, or their rate of excretion into the urine in the 
form of Bence-Jones protein. Further experiments 
with multiple myeloma tissues from subjects 
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whose plasmas show other types of abnormal mye- 
loma proteins would, therefore, be of considerable 
interest. 

The present findings are of additional interest in 
connection with the hypothesis of Ehrich (4) that 
antibody is made by plasma cells. Since the mye- 
loma cells of multiple myeloma are thought to be 
related cytologically to plasma cells, and since 
antibodies of blood occur in the y-globulin frac- 
tion, the presence within myeloma cells of large 
amounts of a protein having a mobility approxi- 
mating that of normal y-globulins might be taken 
as support for the hypothesis. The occurrence in 
the plasmas of different multiple myeloma sub- 
jects of a variety of types of multiple myeloma 
proteins, as just mentioned, might then be ex- 
plained by the fact that different multiple mye- 
loma tumors are composed of plasma cells which 
are in varying stages of differentiation and which 
might reasonably be expected to manufacture dif- 
ferent myeloma proteins. 

Other significant peaks were seen in the electro- 
phoretic diagrams of the various tissue extracts. 
Most consistent among these was the peak labeled 
8, which had the same mobility as 6-globulins of 
blood plasma. This peak, particularly where it was 
most conspicuous, was due largely to hemoglobin 
(9). Further study will be required for a more cer- 
tain identification or characterization of the other 
components of the extracts. 


SUMMARY 


An electrophoretic study has been made of the 
plasma and extracts of tumor of a typical multiple 
myeloma subject. Tumor tissue was obtained at 
autopsy from the vertebrae, ileum, and lymph 
nodes. Control tests were made with corresponding 
normal tissues and with tumor tissue from a pa- 
tient with myelogenous leukemia. Vertebral mar- 
row obtained from a multiple myeloma subject 
who had undergone treatment with urethan was 
also investigated. 

A large, sharp peak characterizing the electro- 
phoretic pattern of the plasma of the test subject 
also characterized the patterns of extracts of tu- 


mor-containing tissues of the same subject. This 
component was not observed in any of the control 
experiments. It was also absent in the extract of 
the marrow of the urethan-treated multiple my- 
eloma subject, due, presumably, to the effect of 
the urethan in inhibiting or destroying the my- 
eloma cells. The results appear to support the 
view that myeloma cells are the site of formation 
of the abnormal plasma proteins of multiple my- 
eloma. 
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The in Vitro Inhibition of Catalase 
by a Tumor Factor” 


A. B. HarGreavest AND H. F. Deutscu 


(Department of Physiological Chemistry, University of Wisconsin, Madison 6, Wis.) 


The observation by Greenstein ef al. (18) that 
the liver catalase activity of rats and mice bearing 
extrahepatic tumors is markedly lowered has been 
repeatedly verified (1, 4, 5, 9, 10, 14, 15, 17, 32). 
Early attempts at an 2n vitro demonstration of a 
catalase-inhibiting factor in transplantable tumors 
or their extracts were unsuccessful. However, in 
1948 Nakahara and Fukuoka (21) in the first of a 
series of studies (21-23) reported the separation of 
tumor fractions which, when injected into mice, 
lowered the liver catalase activity. Adams (1) has 
also demonstrated an initial rapid fall in the liver 
catalase activity of mice following subcutaneous 
injections of homogenized Sarcoma 37. In an ex- 
tension of the findings of the Japanese workers, 
Greenfield and Meister (13) have been able to iso- 
late fractions of various tumors which have a 
marked in vivo effect on the lowering of the liver 
catalase activity of mice. 

It has been recently found that a decrease in the 
catalase activity of sea urchin eggs during develop- 
ment was due to the presence of a heat-stable in- 
hibitor that could be demonstrated in lysates of 
these organisms (8). A similar relationship appears 
to obtain in the observed lowering of liver catalase 
activity in rats bearing large tumors. In this re- 
spect it has been possible to demonstrate the in 
vitro inhibition of the catalase activity of crystal- 
line enzyme and of liver homogenates by material 
prepared from Jensen rat sarcoma. This material 
also shows strong inhibition of other iron porphy- 
rin enzymes. 


MATERIALS AND METHODS 
All work was carried out with rats of the Holtz- 
man strain. With the exception of two human tu- 
mors, the Jensen rat sarcoma! was used exclusive- 


* This work was supported in part by a grant from the 
Wisconsin Alumni Research Foundation. 
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dress: Instituto de Biofisica, University of Brazil, Rio de 
Janeiro. 


1 We are indebted to Dr. G. A. LePage for transplants of 
this tumor. 
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ly. Subcutaneous or intramuscular transplants 
were allowed to grow to a large size (12-15 days 
after implantation) prior to removal of tissues for 
study. 

Catalase activity was determined by the meth- 
ods of Bonnichsen, Chance, and Theorell (6) and 
of von Euler and Josephson (11). In most of the 
work the assay of the former workers was em- 
ployed because of its rapidity and simplicity. It 
will be referred to in the remaining discussion as 
the “rapid”? method, while the von Euler and 
Josephson (11) procedure shall be referred to as 
the “‘classical’’ method. 


The catalase activity as determined by the “‘rapid’”’ method 
was usually adjusted so that a first-order reaction constant of 
1.0 X 107 was obtained in the 50-ml. reaction mixture 
(0.01 n HO. in M/150, pH 6.8 phosphate buffer). In the 
present work this is defined as 1 enzyme unit. First-order 
reaction constant within 0.1 unit of 1.0 X 10-2 can be extrap- 
olated to this latter value with little error, whereas large devia- 
tions often give an increasing error, particularly with purified 
catalase preparations. 

The catalase sources employed were rat liver homogenates 
and a crystalline horse erythrocyte enzyme of Kat. F 90,000.” 
One gram of the latter material contains about 2 X 105 units. 
Absorption spectra were measured with a Beckman spectro- 
photometer. Crystalline catalase has absorption bands at 626, 
525, and 500 my but presents maximal absorption bands at 
405 (Soret band) and at 277 (protein). The present preparation 
gave a molar extinction coefficient (8) of 90.9 and 68.0 X 107 
cm.? mole respectively at 405 and 277 mu. 

The livers utilized for catalase activity determinations were 
perfused with isotonic saline to remove all possible blood. The 
organs were then rapidly chilled in ice and homogenized with 
2 volumes of cold distilled water. The enzyme activity deter- 
mined by the rapid method is expressed as units per gram of 
dry weight of liver homogenate. 

The catalase inhibitor of tumors is found in kochsafts of 
this material. Tumor tissue was homogenized in 1 part of water 
and then gently boiled for 15 minutes. The insoluble material 
was removed by centrifugation, and the active supernatant 
was utilized for the various experiments. 

A preliminary inhibitor unit has been devised. It is the 
amount of material which, after incubation for 60 minutes at 

°_9° C. with 2 units of catalase, will result in a value for k; 
of 1.0 X 107 for this mixture or will have inactivated 1 unit 
of catalase. Such experiments for the assay of inhibitor em- 
ployed the rapid method. A sample of catalase without in- 


2 This is the preparation 8Aq described elsewhere (7). 
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hibitor was always incubated as a control for the loss of activ- 
ity associated with the aging of relatively dilute solutions of 
this enzyme. 


EXPERIMENTAL RESULTS 


Lwer catalase activity.—Since some workers (20, 
28) report no appreciable changes in the catalase 
activity of livers from tumor-bearing animals, this 
point was investigated briefly. The enzyme levels 
of the livers of male and female rats are affected by 
the presence of large tumors, as is shown in Table 1. 


TABLE 1 


THE LIVER CATALASE ACTIVITY OF 
NORMAL AND TUMOR-BEARING 
MALE AND FEMALE RATS* 


NoRMAL TUMOR-BEARING 
Male Female Male Female 
286 232 101 110 
200 209 143 87 
322 182 184 73 
344 233 175 52 
222 169 200 58 
262 170 158 55 
244 173 208 47 
Av. 268 195 167 69 
Per cent of normal activity: 60 35 


* Results are expressed as units per gram of 
dry weight of liver homogenate. 


The effect of the tumors in depressing liver cata- 
lase activity 7 vivo is clear. The higher level of 
catalase in the livers of male rats verifies the find- 
ings of Adams (1, 2) for mice. The tumors in both 
male and female rats very likely produce the same 
amount of inhibitor. The higher percentage of in- 
hibition of catalase in the livers of female rats is 
thus likely due to a higher ratio of inhibitor to en- 
zyme than is obtained in the male. 

Inhibitor activity of tumor kochsaft.—This mate- 
rial was found to inhibit the catalase activity of 
both liver homogenates and the crystalline enzyme 
preparation. Erratic results were often obtained 
with liver homogenates for reasons to be discussed 
later. In typical experiments aliquots of a diluted 
solution of the crystalline catalase and liver ho- 
mogenate were mixed with varying amounts of 
kochsaft. The samples were incubated for 2 hours at 
0°-2° C. and were then assayed by the rapid meth- 
od. The inhibitory effects of the kochsaft as studied 
at a single concentration with varying amounts of 
catalase and with varying concentrations in the 
presence of a constant amount of catalase are 
shown in Chart 1, A and B, respectively. 

The inhibitory results of the kochsaft as a func- 
tion of concentration are readily apparent, one 
unit of crystalline catalase being inhibited ap- 
proximately 90 per cent by incubation with 0.6 
* ml. of tumor preparation. 

Incubation conditions.—Initial experiments in- 


dicated that the time of incubation of inhibitor and 
enzyme and the temperature of incubation when 
liver homogenates were employed as the source of 
catalase were important factors in inactivation of 
the enzyme. The rate of the inactivation of crystal- 
line catalase by tumor kochsaft was studied at dif- 
ferent temperatures. The results presented in 
Chart 2 show that temperature has little effect on 
the rate of inactivation over the range investigat- 
ed. Approximately 2 hours of incubation is re- 
quired to give a maximum inhibitory effect. 

These results are in contrast to those obtained 
when similar experiments were carried out with 
liver homogenate as the source of catalase. The re- 
sults shown in Chart 3 indicate a marked depend- 
ence of the inactivation on temperature. The dif- 
ference in the results with liver homogenate and 
crystalline catalase at 0°-2° and 20°-22° C. can best 
be interpreted as a destruction or removal of in- 
hibitor by a factor in the liver homogenates. At 
38° C. there is almost no inhibitory effect seen at 
the 2-hour period. This indicates that, when the 
assay of the inhibitor is carried out with catalase 
preparations from liver homogenate, incubation 
should be near 0° C. for approximately 120 min- 
utes. 

Attempts were made to study the rate of inac- 
tivation of the inhibitor by liver homogenates. 
Liver homogenate was incubated with the inhibi- 
tor, and aliquots of this mixture were removed at 
intervals and the liver enzymes inactivated by 
heating at 100° C. The denatured proteins formed 
by such treatment appeared partially and errati- 
cally to absorb the inhibitor or interfere with its 
assay. These studies were abandoned after pre- 
liminary investigation. | 

Reversal of inhibition.—The factor of sea urchin 
egg kochsaft which inhibits the catalase activity of 
lysates of this organism has been shown to be dis- 
sociated from the enzyme on dilution (8). A simi- 
lar situation exists with the catalase inhibitor 
found in tumors. Aliquots of crystalline enzyme 
and inhibitor (1 unit of enzyme to 0.5 ml. of 
kochsaft) were incubated at 0° C. for 15 and 180 
minutes, respectively. The mixtures were then 
assayed by the “classical”? method. The results 
plotted to give Chart 4 show that a marked in- 
crease in activity with assay time appears in the 
sample incubated only 15 minutes, the amount of 
active catalase approaching the control value at 
the 12-minute assay period. The sample incubated 
180 minutes is inhibited to a far greater extent,and 
shows only a moderate increase in activity with 
assay time. The control sample shows the decrease 
in activity usually observed in the classical meth- 
od. Such reactivation with time of assay 1s obvi- 


‘4 
. 
+ 
4 
5 
| 
ae 
2 
J 
| 


722 


Cancer Research 


ously not seen with the rapid method. It can be 
demonstrated by dilution of the enzyme-inhibitor 
system for short periods prior to assay by this 
method. Whatever the nature of the inhibition, it 
appears to be reversible upon dilution in the early 
stages. 

Properties of kochsaft inhibitor.—As implied by 
the method of preparation, the inhibitor is heat- 
stable. It appears to exist in a bound and inactive 
form, for tumor homogenates exhibit no activity. 


1.4 
(A) 

l2r 

x< 

0.4F 


0.5 
UNITS OF CATALASE 


It is released from the homogenate by heating at 
100° C. for 15-30 minutes. Heating of kochsaft at 
100° C. for 15 minutes with acid (HCI) or alkali 
(NaOH) sufficient to give a 0.17 N concentration 
resulted in no destruction. The alkali-treated ma- 
terial became slightly more active. The material is 
dialyzable and relatively stable at 0° C. Repeated 
freezing and thawing result in the formation of a 
precipitate and a marked loss of inhibitor. Addi- 
tion of ethanol at room temperature to a concen- 


1.4] 
(B) 


CATALASE: | UNIT 


0.4 
KOCHSAFT 


0.2 
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Cuart 1.—The inhibitory effect of tumor kochsaft of crystalline catalase. (A) Constant level of kochsaft with varying 
amounts of catalase. (B) Varying concentrations of kochsaft with a constant amount of catalase. E: Enzyme. I: Inhibitor (kochsaft). 
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Cuart 2.—The effect of incubation time on the inhibi- 
tion of crystalline catalase at different temperatures. /'+/: 
Enzyme plus inhibitor. 
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Cuart 3.—The effect of temperature and incubation time 
on the catalase activity of liver homogenate. /+J/: Homo- 
genate plus inhibitor. 
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tration of 80 per cent and refluxing results in the 
precipitation of a good deal of inactive material. 
Evaporation of the supernatant fluid gives mate- 
rial which shows pronounced increases in activity 
as a result of the alcohol treatment. This residue 


OF ENZYME 4 

0.9 ENZYME -INHIBITOR 
(IS MINUTES INCUBATION) 
0-8 
0.7 
x< 
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l | | 
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Cuart 4.—The reversal of the inhibition of crystalline 
catalase by tumor kochsaft preparation. Values on the abscissa 
indicate the time in minutes at which samples of the enzyme- 
substrate mixtures were removed for titration of residual H,O, 
by the “‘classical’”’ catalase assay method. 


shows no loss of activity after ether extraction. Cer- 
tain ion exchange properties of the substance sug- 
gest that its purification is feasible. 

Active kochsaft preparations show strong ab- 
sorption in the 260-270 my portion of the spec- 
trum. However, it is not known whether the active 
material has this characteristic. The material does 
effect a change in the absorption spectrum of 
catalase as shown in Chart 5. The curve for cata- 
lase plus inhibitor has been corrected for the ab- 
sorption by the kochsaft, which is low in this range. 
The spectral change is so marked with this small 
amount of inhibitor as to suggest the future possi- 
bility of a spectrophotometric assay for this sub- 
stance. Obviously, until a pure inhibitor is ob- 
tained, such an assay would necessarily be more or 
less qualitative. 

The nature of the spectral change suggests that 
the inhibition is effected through the iron porphy- 
rin group of the enzyme. Other regions of the spec- 
trum were not intensively investigated because of 
certain difficulties. The kochsaft absorbs too strong- 


ly in the ultraviolet and masks the catalase ab- 
sorption. Measurements of extinction changes at 
the minor maxima of catalase, where relatively 
large amounts of enzyme are needed, are not fea- 
sible at present because of the large amounts of in- 
hibitor required to give the same ratio of inhibitor 
to catalase as employed in the Soret band region 
(405 mu). Control experiments employing rat 
muscle kochsaft and catalase mixtures show no 
change in the absorption spectrum of catalase in 
the region of the Soret band (405 my). 

Distribution of inhibitor.—A variety of tissues of 
normal and tumor-bearing rats was investigated 
for activity. Kochsafts of blood, heart, and skeletal 
muscle, and kidney of normal and tumor-bearing 
rats showed no inhibitor. The spleens and livers of 
normal animals exhibited slight activity. This was 
increased in animals bearing a tumor. All tumor 
kochsafts show a relatively high activity, but con- 
siderable variation for different preparations is ex- 
perienced. Both the necrotic and viable portions 
of the tumors show activity. 


.200 


OPTICAL DENSITY 


160 


150 L 
395 400 405 410 415 


WAVE LENGTH IN MILLIMICRONS 


Cuart 5.—The effect of tumor kochsaft preparation on 
the absorption spectrum of crystalline catalase. Upper curve: 
10 units of catalase/ml (50 ug.). Lower curve: 10 units of cata- 
lase plus 1 unit of inhibitor per ml. Both solutions incubated 
24 hours at 0° C. in M/15, pH 6.8 phosphate buffer. 


In view of the apparently low molecular weight 
of the active compound, its appearance in the 
urine could be suspected. One hundred ml. of urine 
was collected from both normal and tumor-bearing 
female rats. The urine was evaporated to dryness 
and extracted with hot 80 per cent ethanol. The 
ethanol-soluble portion was dried and extracted 
with ethyl ether and then reconstituted in phos- 
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phate buffer. Both preparations from normal and 
tumor-bearing rats exhibited a slight inhibitory 
activity for catalase. The results indicated that the 
active material is not eliminated in the urine in 
appreciable amounts. 

Studies on human tissues.—This work was limit- 
ed to a carcinoma of the pancreas and a sample of 
skeletal muscle infiltrated with an osteogenic fibro- 
sarcoma. Kochsafts of both tissues inhibited cata- 
lase strongly. The liver of the individual with the 
carcinoma of the pancreas showed a high level of 
inhibitor. This result is not surprising in terms of 
the proximity of the tumor to the liver via the 
blood stream. The skeletal muscle of a normal in- 


to iron porphyrin enzymes. Of the two copper oxi- 
dase enzymes studied, only phenol oxidase was in- 
hibited. In agreement with the work of Shack (27) 
we were unable to find any decrease in cytochrome 
oxidase in the livers of rats hearing large tumors. 
Thus, the effect on this enzyme appears to be man- 
ifested only in vivo. 


DISCUSSION 


The lowered activity of liver catalase in animals 
bearing extrahepatic tumors is well established. 
Working with thoroughly perfused liver, we have 
also verified this, as well as the normal sex differ- 
ence (1, 2, 26). The use of perfused livers in such 


TABLE 2 
THE EFFECT OF TUMOR Kochsaft ON VARIOUS ENZYMES 


Enzymes assayed * Source Assay method Control With inhibitor 
Peroxidase Aqueous extract of 0.25 0 
horseradish 
Phenol oxidase Aqueous extract of Oxidation of reduced 2,6-dichlorobenze- 0.27 0 
potato noneindo-3’-chlorophenol (29-31) 
min. 
Cytochrome oxidase Rat heart homogenate 0.21 0.13 
Cytochrome oxidase Rat liver homogenate Oxidation of reduced cytochrome c (3) 0.74 0.40 
3 min. AEssomyu 
Lactic dehydrogenase (a) Crystalline enzyme Reduction DPN (25) 1 min. AEsmyz 0.108 0.110 
Succinic dehydrogenase (b) Extract of rat liver ace- Mn0O.-ferricyanide method (19) ul CO2/ 307 301 
tone powder hr/flask 
Ascorbic acid oxidase (ce) Homogenized tobacco ul O./flask/10 min (24) (1, a) 90 105 
pith cells (1, 6) 91 105 
(2) 93 125 
Choline esterase (d) Human serum uM acetyl choline hydrolyzed in 30 min. 105 105 
12 
Arginase (e) Dialyzed extract of rat uM urea formed/flask/hr at 38°(5X10-°m 8.4 9.2 


liver acetone powder 


arginine, 510-2 m Mg, pH 7.5 phos- 


phate buffer) 
* We are indebted to the following individuals for some of these assays: (a) Dr. J. B. Neilands, () Dr. Antoine d’Iorio, (c) Mr. W. J. Porter, Jr., (d) Mr. 


Affonso Seabra, and (e) Dr. L. Kovar. 


dividual was inactive, whereas the liver had a low 
activity. These results are analogous to those 
found for the rat. 

The effect of tumor kochsaft cn other enzymes.— 
Various enzyme preparations were incubated with 
tumor kochsaft for 30-60 minutes in the cold prior 
to assay. The enzymatic activity of such a mixture 
was compared to that of the same quantity of en- 
zyme without inhibitor under identical conditions. 
The results are presented in Table 2 and indicate 
that peroxidase, phenol oxidase, and cytochrome 
oxidase are inhibited by the kochsaft material, 
whereas no such effect is seen with lactic dehydro- 
genase, ascorbic acid oxidase, succinic dehydro- 
genase, choline esterase, and arginase. Although 
the peroxidase and phenol oxidase systems em- 
ployed were completely inhibited, the addition of 
more of the enzyme to the inhibited system result- 
ed in oxidation of the dye indicator employed. 

As a result of this preliminary survey it appears 
that the effect of the inhibitor is essentially limited 


studies would appear to be very desirable in view 
of the catalase contribution of the erythrocyte. 
The decreased concentration of the latter that oc- 
curs in animals bearing large tumors would in it- 
self tend to lower catalase activity of the nonper- 
fused and otherwise normal liver. 

The results of the reported work tend to pre- 
sent the problem of the relation of liver catalase 
activity to tumor growth in a somewhat different 
light. Although we have worked almost exclusive- 
ly with the Jensen rat sarcoma, it may be inferred 
from our preliminary results on human tumors and 
the studies of other workers with various types of 
tumors that we are dealing with a common entity. 

Contrary to previous reports this factor can be 
shown to exert its effect 2 vitro on the catalase ac- 
tivity of liver homogenates. The material does not 
appear to be transformed from an inactive tumor 
precursor, as might be presumed from the earlier 
in vivo studies. The ability to mhibit crystalline 
erythrocyte catalase likewise indicates that the 
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liver homogenate is not catalyzing such a change 
during the inhibitor assay in that system. 

The previous failure to observe an in vitro in- 
hibition of catalase appears to be due to the pres- 
ence of an enzyme or some factor in the liver that 
inactivates the inhibitor. The reaction of catalase 
and inhibitor appears to have a very low tempera- 
ture coefficient, whereas the destruction of the in- 
hibitor by liver homogenates appears to show the 
reverse temperature effect. Both reactions proceed 
somewhat slowly. The net result, as shown clearly 
by Chart 3, is that an attempt at the demonstra- 
tion of an 7n vitro inhibition of the catalase activity 
of liver homogenate by tumor fractions should be 
preceded by a low temperature incubation of the 
mixture of enzyme preparation and inhibitor prior 
to assay. 

The distribution of the active substance sug- 
gests that it is a normal metabolite which is pro- 
duced by the tumor to a greater extent than other 
tissues. Its ability to react with iron porphyrin en- 
zymes may be related to the anemia often associ- 
ated with large tumors. This is generally regarded 
as a manifestation of the cachexia associated with 
such pathological conditions. It is possible, how- 
ever, that the anemia may result from a more or 
less specific impairment or block of some heme- 
porphyrin synthesis particularly related to hemo- 
globin. 

The data of Chart 4, a, indicate that the inhibi- 
tor-catalase complex appears to be dissociable to a 
large extent, particularly in the early stages of the 
reaction. In view of this and the ability of liver 
homogenate to inactivate the inhibitor, the rapid 
rise in the catalase activity of livers following ex- 
tirpation of the tumor and the failure of slowly 
growing tumors to alter liver catalase activity is 
readily understandable. Thus, the in vivo enzyme 
inhibition phenomenon is very likely due to a re- 
pression of catalase activity and not to the lower- 
ing of the actual enzyme concentration as has been 
proposed (15, 16). 

The experiments reported here must necessarily 
be considered preliminary. It does not appear de- 
sirable at present to investigate extensively the 
reaction of catalase and inhibitor with the relative- 
ly crude preparations available. The experiments 
do provide, however, a better understanding of the 
substance involved and have suggested a practical 
wn vitro assay system that makes more attractive 
and feasible the obvious task of purifying and 
characterizing the active material. 


SUMMARY 


An in vitro demonstration of the inhibition of 
catalase by tumor extracts has been provided. The 


material also inhibits other iron porphyrin en- 
zymes. It appears to be a relatively stable, low 
molecular weight compound that functions by 
combination with the enzyme through the iron 
porphyrin group. The material has been found in 
low concentrations in the livers and spleens of nor- 
mal animals. 
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Nuclei from Normal and Leukemic Mouse Spleen. III. 


The Desoxypentosenucleic Acid Content per Nucleus 
Calculated from Total Cell Counts” 


Nancy A. Mizen AND Mary L. PETERMANN 


(Sloan-Kettering Institute for Cancer Research, New York, N.Y.) 


In a study of the nucleic acid content of isolated 
nuclei, the average desoxypentosenucleic acid 
(DNA) content of nuclei from transplanted leuke- 
mic spleen (line 9421) was found to be increased to 
1.45 times the normal value (6). Since only 5—10 
per cent of the nuclei were recovered, however, the 
possibility arose that these nuclei were not repre- 
sentative of the total population. Since all the 
DNA is in the nucleus, the average DNA per cell 
or per nucleus can also be calculated from the total 
DNA content of any tissue if cell counts can be 
made on the whole organ (8). Previous total cell 
counts were unreliable (6), because many nuclei 
were trapped in networks of connective tissue 
fibers. This difficulty has now been overcome by a 
more thorough homogenization of the material, 
and reliable total cell counts have been obtained. 
The DNA content per cell has been calculated for 
normal spleen and for spontaneous and trans- 
planted leukemic spleen. New data on isolated nu- 
clei have also been obtained. The average DNA 
contents per nucleus obtained by the two methods 
are in close agreement. As had been anticipated 
from the lower DNA content of whole leukemic 
spleen, the number of cells per gram of spleen is 
considerably reduced in leukemia. 


MATERIALS AND METHODS 

Mice of the AK strain (2) were used. A spleen 
was considered normal if it was small in size and 
dark red in color and showed no enlargement of the 
splenic lymph buds. The normal spleens averaged 
148 mg. (91-167) in weight. The spleens from the 
mice with spontaneous leukemia were very large, 
averaging 850 mg. (445-1,630) in weight, and 
varied from dark to light red. Two lines of trans- 

* The authors wish to acknowledge the assistance of the 
National Cancer Institute of the United States Public Health 


Service and the Atomic Energy Commission (Contract AT[30- 
1]-910). 
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planted leukemia were used: 9421 leukemia, which 
has been studied extensively in this laboratory 
(4-6), and AK4 leukemia (1). Leukemic spleen 
minced in physiological saline was injected intra- 
peritoneally in the amount of 10° cells per mouse. 
Advanced leukemia developed in 8 or 9 days for 
the 9421 line, and the spleens averaged 352 mg. 
(308-420) in weight. In the AK4 line it took 6 or 7 
days for the leukemia to develop, and the spleen 
weights averaged 417 mg. (308-500). In both lines 
of leukemia the spleens were light red in color, and 
the splenic lymph buds were greatly enlarged. 

The mice were sacrificed by spinal fracture. 
Their spleens were quickly excised, cleaned free of 
visible fat, chilled, and weighed. One gm. of spleen 
from freshly killed mice was used for each experi- 
ment. The entire homogenization procedure was 
carried out at about 5° C. The tissue was homogen- 
ized for 2 minutes in a Potter-Elvehjem homogen- 
izer (7) in 9 ec. of 0.88M sucrose containing 
0.0018 m calcium chloride for the normal spleens 
and 0.0023 Mm calcium chloride for the leukemic 
spleens (6, 9). The homogenizer was attached to an 
electronically controlled motor rated at 685 
r.p.m. This homogenate was then transferred to a 
heavy-walled round-bottomed test tube, 27 mm. 
in diameter, containing 0.05 cc. of n-capryl alco- 
hol. The homogenizer tube was rinsed several 
times, with a total volume of 10 cc. of 6 per cent 
acetic acid containing 0.0018 m calcium chloride for 
the normal spleens and 0.0023 m calcium chloride 
for the leukemic spleens. This mixture was ho- 
mogenized for 2 minutes by means of a notched 
stainless steel blade, 1.4 cm. in diameter, attached 
to a shaft which was rotated by a Dumore motor 
rated at 16,000 r.p.m. for 110 v. For this homoge- 
nization the motor was run at 40 v. 

The DNA was determined by the modified 
Schneider (10, 11) procedure previously de- 
scribed (4). 
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Samples of the final homogenate were diluted 1:200 in red 
blood cell pipettes with 5 per cent acetic acid containing 0.06 
per cent methyl green (8) and counted in a hemocytometer. 
Examination of the entire ruled area revealed only unclumped, 
clearly separated cells and nuclei. The contents of the four cor- 
ner squares (a total volume of 0.4 c. mm.) were counted; this 
total multiplied by 107 gave the number of cells per gram of 
spleen. The results of 10 counts were then averaged to give the 
mean value for each experiment. The probable error of the 
mean ranged from 1-3 per cent. | 

When smears made from the final homogenate were stained 
with Wright’s stain and examined microscopically under oil 
immersion at a total magnification of 1,225, the nuclei and cy- 
toplasm could be clearly differentiated. In most instances the 
cytoplasm had been stripped from the nuclei. Although a great 
many of the nuclei looked ragged, none of them were broken in 
such a manner that two or more pieces of the same nucleus 
would have been counted separately as individual cells in the 
hemocytometer. 

Normal and leukemic spleen nuclei were isolated and ana- 
lyzed for DNA by the procedures previously described (6, 9). 
By reducing the diameter of the flannelette filters to 5 cm., the 
yield of nuclei was increased from 10 per cent to 30 per cent. 
Samples for counting were diluted 1:100 with the acetic acid- 
methyl green described in this paper. A volume of 0.4 c. mm. 
was counted, and 5 counts were averaged to give the mean 
value for each experiment. 


RESULTS AND DISCUSSION 


The analytical results are shown in Chart 1. The 
top row shows the mg. of DNA per gram of 
spleen. The average value for normal spleen, 15.0, 
agrees with previous values found in this labora- 
tory (4). The average value for spontaneous leu- 
kemia is 12.7; for AK4 leukemia, 11.6; and for 9421 
leukemia only 10.6 mg. per gram of spleen. 

The second row shows the number of cells per 
gram of spleen for the same tissues. The average 
for normal spleen is 22.9 X 108 cells per gram; for 
spontaneous leukemia, 17.5 X 10°; for AK4 leuke- 
mia, 15.7 X 10°; and 14.1 X 10° cells per gram of 
spleen for 9421 leukemia. 

The results for both DNA and number of cells 
per gram of normal spleen show considerably more 
scatter than do the values obtained on the two 
lines of transplanted leukemia. The values for 
spontaneous leukemia show an intermediate de- 
gree of scatter. The variation in the amount of 
scatter is not due to the technic, since the probable 
error of the mean is the same for all the cell 
counts. It is probably due to the fact that the 
transplanted leukemic spleens are subject to much 
less biological variation than are the other two 
types of spleen tissue. The transplanted leukemias 
are initiated in mice of the same age by the injec- 
tion of a known number of cells, and the disease 
develops at a consistent rate for each line of leu- 
kemia. The variation in the spontaneous leukemic 
material is somewhere between that of the normal 
and the transplanted leukemias. Here two factors 
probably contribute to the scatter of the results: 


the variable rate at which the disease develops and 
the use of only one or two spleens for each experi- 
ment. The normal results show the most scatter of 
all, presumably because of the great variability of 
the normal material. 

The DNA per cell, calculated from the above re- 
sults, is shown in the bottom row, together with 
the values found for the isolated nuclei of the pres- 
ent study. The normal average value, 6.6 X 10-9 
mg., agrees closely with the values found for the 
isolated nuclei—both the average of 6.4 found in 
the present study and that of 6.5 reported previ- 
ously (9). A lower value, 6.0, has been reported for 
rat spleen nuclei isolated in citric acid (3). 

For spontaneous leukemia the DNA content 
per cell, averaging 7.3 X 10-° mg., is higher than 
the normal value. This is in close agreement with 
the average value of 7.4 found for isolated nuclei 
in the present study, but higher than the value of 
6.3 found previously for isolated nuclei (6). 

In the AK4 leukemia an average value of 7.4 X 
10-° mg/cell was obtained by analysis of whole 
tissue; no nuclei were isolated. In the 9421 leuke- 
mia the average values were 7.5 X 10-° for whole 
tissue analysis and 7.2 for the isolated nuclei, again 
a reasonable agreement. These values are much 
lower than the average of 9.4 found previously for 
isolated nuclei (6). This decrease does not seem to 
be the result of an inconsistency in technic, since 
the DNA per nucleus found for normal spleen was 
6.4 in the present study and 6.5 in the previous re- 
port (9). Furthermore, in earlier work (4) the total 
DNA content of the leukemic spleen was about 14 
mg/gm of tissue, while in the present study it aver- 
aged only 10.4 mg/gm. This also implies that the 
low values found for DNA in the 9421 leukemia are 
the result of a change in the leukemia itself over 
the past 2 years (about eighty transplant genera- 
tions), rather than of any technical error. A study 
of the correlation between the average DNA per 
nucleus in normal and transplanted leukemic 
spleen and the frequency of mitotic figures, mye- 
locytes, megakaryocytes, and other cells with 
more than the diploid amount of DNA will be re- 
ported elsewhere.! 

The close agreement between the DNA values 
obtained in the present study on isolated nuclei 
and on the whole tissue illustrates two points: 
first, that, within the experimental error, there is 
no loss of DNA during the isolation of the nuclei: 
and second, that the isolated nuclei are a represen- 
tative sampling of the total nuclei, at least insofar 
as their DNA content is concerned. 

In view of the decided difference in the number 
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of cells per gram of spleen found for normal and 
transplanted leukemic spleen, it is of interest that, 
when tissue homogenates are fractionated, the 
nitrogen distribution between the nuclear fraction, 
mitochondria, submicroscopic particles, and super- 
natant has always been the same for normal and 
leukemic spleen ([4] and unpublished?). 


SUMMARY 


1. A procedure for making total cell counts on 
mouse spleen has been described. — 

2. The desoxypentosenucleic acid (DNA) con- 
tents per nucleus calculated from the DNA con- 
tents and cell counts on the whole tissues were 
6.6 X 10-° mg. for normal spleen; 7.3 for sponta- 
neous leukemia; 7.4 for transplanted leukemia, 
line AK4; and 7.5 for line 9421. 

8. The same values were obtained for the DNA 
content per nucleus either by analysis and cell 
counts of whole spleen or by analysis and counts of 
isolated nuclei. This suggests that, when nuclei 
are isolated in a neutral sucrose-calcium chloride 
medium, no DNA is lost during the isolation pro- 
cedure and that the isolated nuclei are representa- 
tive of the total population. 

4. The number of cells per gram of spleen was 
22.9 X 108 for normal spleen; 17.5 X 10° for 
spontaneous leukemia; 15.7 X 10° for AK4 leuke- 
mia; and 14.1 X 10® for 9421 leukemia. 
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‘Iranspulmonary Passage of ‘Tumor Cell Embolli” 


IRvinc ZEIDMAN AND JOANNE M. Buss 


(Department of Pathology, University of Pennsylvania School of Medicine, Philadelphia, Pa.) 


The following report deals with an attempt to 
determine whether or not tumor cell emboli pass 
through the lung circulation. Metastases in many 
organs, such as adrenals and kidneys, are general- 
ly derived from emboli carried in arteries. How do 
these emboli get into the arteries from the primary 
neoplasm? Do they first lodge in the lungs, form- 
ing secondary tumors which later give off emboli 
into the arterial circulation? Or do they pass im- 
mediately through the lungs from the venous to 
the arterial side? 

Judging from past observations on the behavior 
of tumors in man and experimental animals, it ap- 
pears probable that transpulmonary passage does 
occur and that this depends to a great extent on 
the type of cancer cell. Thus, certain cancers in 
man, such as malignant melanoma, tend to pro- 
duce widespread visceral metastases, sometimes 
even without visible pulmonary growths (8). In 
contrast, other human cancers—for example, 
osteogenic sarcoma—may metastasize via the 
blood stream to the lungs, but infrequently 
beyond the lungs (4). A similar difference in be- 
havior is seen with transplantable animal cancers. 
The V2 carcinoma of rabbits metastasizes spon- 
taneously to lymph nodes and lungs, but rarely to 
other viscera; likewise, following an intravenous 
injection of tumor suspension, lung tumors are 
frequent, but tumors elsewhere occur in less than 
5 per cent of the cases.! Yet, the Brown-Pearce 
carcinoma of rabbits often metastasizes to many 
organs besides the lungs, and, following intrave- 
nous injection, tumors in organs other than lungs 
occur in 90 per cent of the cases (3). Also, Walker 
rat carcinoma 256 (2) and mouse fibrosarcoma 
241? produce tumors in the lungs after intravenous 
injection, but rarely in other viscera. These 
clinical and experimental observations suggest the 


* This investigation was supported by research grants from 
the Anna Fuller Fund, the Special Research Fund of the Com- 
mittee on the Advancement of Research of the University of 
Pennsylvania, and the Division of Research Grants and Fel- 
lowships of the National Institutes of Health, U.S. Public 
Health Service. 


1 Personal observations of Dr. Charles Breedis. 


2 Authors’ personal observations. 
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possibility that tumor cell emboli of some cancers 
frequently pass through the lungs, whereas emboli 
of other cancers do so infrequently. 

However, Willis (8) points out the lack of direct 
evidence for unarrested transpulmonary passage of 
tumor cell emboli and further states that, even in 
the absence of visible pulmonary neoplasms, sys- 
temic metastases may be derived from unseen 
minute growths. Walther (7) is of the same 
opinion, but suggests that small malignant cells 
may pass through the lungs without establishing 
local tumors first. Recently, Bierman et al. (1) of- 
fered evidence by cross-circulation experiments 
that lungs of individuals without leukemia arrest 
leukemia cells, although the lungs of leukemic 
patients may not be equally effective. 

It would seem possible to illuminate this 
problem by simple, direct experiments designed to 
ascertain whether transpulmonary passage of 
tumor cell emboli is possible, and, in the event of a 
positive answer, to find out whether cells from 
widely metastasizing cancers pass through the 
lungs more frequently than do cells from cancers 
seldom metastasizing beyond the lungs. It is the 
purpose of this paper to report the details of such 
experiments. 


MATERIALS AND METHODS 


To determine whether or not emboli of tumor cells pass 
unarrested through the lungs, a suspension of the cells was in- 
jected into a vein while, simultaneously, the aortic blood of the 
animal was collected. The aortic blood was then injected intra- 
venously into a second animal. Tumors developing in the second 
animal would indicate that the embolic cells had passed im- 
mediately through the lungs of the first animal. 

The V2 squamous-cell carcinoma and the Brown-Pearce 
carcinoma were used in mixed-breed rabbits and the Walker 
rat carcinoma 256 in albino rats. Suspensions were prepared 
by passing several pieces of tumor through a fine mesh, stain- 
less-steel sieve into a solution containing equal parts of serum 
and salt solution. Cell counts of the suspensions showed that 
approximately the same number of cells was injected in all 
experiments. These counts averaged 14,000 single cells and 500 
clumps per cubic millimeter. Each rabbit was anesthetized with 
60 mg. of sodium Nembutal intravenously. Twenty mg. of 
heparin was injected intravenously to prevent clotting of the 
blood withdrawn from the aorta.’ About 1.5 cc. of tumor,sus- 


3In some experiments the heparin was not injected intra- 
venously but was contained in the syringe used for the collection 
of aortic blood. The presence or absence of heparinemia made 
no significant difference in the experimental results. 
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pension was then injected into the ear vein, and, during the 
injection procedure, the abdominal aorta was cut. Blood 
escaped into the peritoneal cavity and was collected in a 
syringe. About 30-50 cc. of this blood was then injected into 
the ear vein of a second rabbit. These latter rabbits were 
sacrificed 3-5 weeks after injection, and the organs were 
examined for tumors; histologic sections were used to confirm 
diagnoses made grossly. With the Walker rat carcinoma 256, 
1 cc. of tumor suspension was used, and approximately 5 cc. 
of blood was collected after the aorta was cut. 


RESULTS 


Immediate. transpulmonary passage of tumor 
cell emboli occurred with all three cancers used. 
The results are shown in Table 1. The injection of 


TABLE 1 


IMMEDIATE PASSAGE OF EMBOLIC TUMOR CELLS 
THROUGH THE PULMONARY CIRCULATION 


No. animals in- No. animals 
jected with developing 


Type of cancer aortic blood tumors 
Brown-Pearce rabbit carcinoma 20 10 
V2 rabbit carcinoma 15 2 
Walker rat carcinoma 256 11 1 

TABLE 2 


TUMORS PRODUCED IN NORMAL RABBITS FOLLOWING 
INTRAVENOUS INJECTION OF AORTIC BLOOD CON- 
TAINING TUMOR CELL EMBOLI WHICH HAVE TRAV- 
ERSED THE PULMONARY CIRCULATION 


Brown-Pearce carcinoma Vo carcinoma 


Eye +,* lung +, adrenals + Lung + 
Eye +, lung ++, adrenals + Eye +, ear +, lung +, 


brain + 

Eye +, lung +, adrenals +, kidney + 

Eye +, lung +++, liver ++++4, 
kidney + 

Eye +, adrenal + 

Eye +, adrenal +, liver ++, retro- 
orbital fat + 

Eye +, adrenal +, lung ++++-4, 
liver +++-+, kidney ++ 

Liver + 

Kidney + 

Liver + 

Negative, ten rabbits 


- 


Negative, thirteen 
rabbits 


* One plus indicates one to twenty tumor nodules; four pluses indicates 
at least 100 tumor nodules. 


aortic blood led to tumor formation in ten out of 
twenty experiments with Brown-Pearce carci- 
noma. Usually, the tumors were numerous and 
widely distributed (Table 2), and the eye was the 
most frequent site. Other frequently involved 
sites were liver, lungs, kidneys, and adrenals. Evi- 
dently, cells of this tumor passed through the 
pulmonary circulation in large numbers. 

V2 carcinoma cells also passed immediately 
through the lungs, but in only two of fifteen ex- 
periments. Thus, the two rabbit cancers exhibited 
a different incidence of transpulmonary passage, 


and by statistical analysis with the Chi square 
method this difference was found significant. The 
P value was 0.03, and, therefore, the difference in 
incidence would occur by chance in only two or 
three out of 100 such experiments. 

The Walker rat carcinoma behaved like the V, 
carcinoma in passing through the lungs in one out 
of eleven experiments. Thus, embolic cells from 
all three cancers passed immediately through the 
lungs, and the Brown-Pearce carcinoma revealed a 
significantly higher incidence of transpulmonary 
passage than did the V2 carcinoma. 


DISCUSSION 


The above results become even more significant 
in view of the fact that the experimental method 
employed offers so many hazards to cell survival. 
The preparing of a suspension by passing the 
tumor through a sieve causes a high percentage of 
cell deaths (9). Only a few of the viable cells in- 
jected ever develop into tumors, as most of them 
are destroyed in the body of the host (6, 9). The 
collection of blood in the abdominal cavity, the 
subsequent withdrawal into a syringe, and the re- 
injection into a second rabbit are further hazards 
to cell survival. The use of only 30-50 ce. of aortic 
blood would decrease the chances of picking up 
tumor cells which passed through the pulmonary 
circulation. In light of these obstacles, the positive 
results obtained are surprisingly high, particularly 
in the experiments with Brown-Pearce carcinoma. 
Therefore, it would seem necessary to revise our 
concepts concerning the transpulmonary passage 
of tumor cell emboli. The conclusion that such 
passage occurs frequently rather than rarely 
would seem inescapable. 

It is interesting to note (Table 2) that in five of 
the ten experiments with Brown-Pearce carci- 
noma, there were no detectable lung tumors in the 
second animal, although tumors appeared in the 
eye, kidney, adrenal, and elsewhere. It seems likely 
that the cancer cells traversed the pulmonary sys- 
tems of two different rabbits without arrest. Also, 
the incidence of transpulmonary passage by both 
rabbit cancers corresponds to the _ previously 
noted incidence of metastases in organs beyond 
the lungs produced either spontaneously or by 
intravenous injection. This suggests that many 
spontaneous metastases appearing in organs other 
than the lungs may be produced by emboli which 
have immediately passed the pulmonary circula- 
tion, rather than by emboli from secondary pul- 
monary growths. The possibility remains that in 
the above experiments tumor cell emboli passed 
through arterio-venous anastomoses (5) or a 
patent foramen ovale. Such passage probably oc- 
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curs infrequently if at all, for the intravenous in- 
jection of V2 carcinoma cells rarely leads to the 
appearance of tumors beyond the lungs.‘ 

This difference in the incidence of transpulmo- 
nary passage exhibited by Brown-Pearce carcinoma 
and V2 carcinoma requires further examination. 
The phenomenon cannot be explained by differ- 
ences in the number of tumor emboli originally 
used for the intravenous injection, since approxi- 
mately the same number of tumor cells was used 
in all experiments with both cancers. Conceivably, 
the cells of the Brown-Pearce carcinoma may be 
smaller than those of V2 carcinoma, and, hence, 
the cells of the former may traverse pulmonary 
capillaries more easily. To test this explanation, 
cells of both types of cancer were measured with 
the aid of an ocular micrometer. The width of the 
smallest rectangle fitting around each cell was 
measured, as this width would be the critical 
dimension for transcapillary passage. As seen in 
Table 3, the cells of Brown-Pearce carcinoma were 


TABLE 3 
SIZE OF BROWN-PEARCE AND V2 CARCINOMA CELLS 
Mean size* Range 
No. cells Type of cell (x) (x) 
100 V2 carcinoma 10.7 6.5-17.6 
100 Brown-Pearce carcinoma 12.6 6.9-19.4 


* By size is meant the width of the smallest rectangle fitting around a 
cell, as this width would be the critical one for passage through a capillary. 


certainly not smaller than Ve carcinoma cells. 
Thus, difference in cell size cannot explain the 
difference in incidence of transpulmonary pas- 
sage. However, other explanations are still pos- 
sible. While the same number of cells was used for 
each experiment, the viability of the two types of 
cancer cells may not be alike under the same con- 
ditions. Also, the possibility that the Brown- 
Pearce carcinoma cells may release a pulmonary 
vasodilator has not been excluded. Finally, 
Brown-Pearce cells may be more pliable, and, 
hence, may traverse the pulmonary capillaries by 
elongating. More work is in progress to explain the 
difference in incidence of transpulmonary passage 
exhibited by two rabbit cancers under the same 
experimental conditions. 


SUMMARY 
Experiments were designed to determine wheth- 
er tumor cell emboli can pass immediately through 
the pulmonary circulation. V2 carcinoma and 
Brown-Pearce carcinoma were used in rabbits, and 


4 Personal observations of Dr. Charles Breedis. 


Walker carcinoma 256 in rats. A suspension of 
tumor cells was injected into an ear vein while the 
animal was bled simultaneously through the ab- 
dominal aorta. The aortic blood was then injected 
intravenously into a second animal of the same 
species. Tumors developing in the second animal 
indicated immediate passage of tumor cells 
through the lungs of the first animal. All animals 
were sacrificed 3-5 weeks after the injection of 
aortic blood, and a search for tumors was made. 
Tumors were found with all three types of cancers, 
indicating that the embolic tumor cells had passed 
through the lungs without delay. The positive re- 
sults obtained with Brown-Pearce carcinoma were 
significantly higher than those found with the V2 
carcinoma. This difference in incidence of trans- 
pulmonary passage corresponds to the greater 
tendency of Brown-Pearce carcinoma to metasta- 
size to many organs, in contrast to the behavior of 
V2 carcinoma which rarely metastasizes beyond 
the lungs. 

It is concluded that tumor cell emboli are able 
to pass immediately through the pulmonary circu- 
lation of both rabbits and rats and that differences 
in incidence of such activity apparently depend on 
some as yet unexplained property of the cancer 
cell. These results suggest that transpulmonary 
passage of tumor cell emboli probably occurs far 
more frequently in man than heretofore suspected. 
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Differential Growth of Metastatic Tumors in 


Liver and Lung” 


Experiments with Rabbit V. Carcinoma 


B. LuckE, C. Breepis, Z. P. Woo, L. Berwick, anp P. NowE.LL 


(Department of Pathology, School of Medicine, University of Pennsylvania, Philadelphia, Pa.) 


It is a common occurrence that in man metasta- 
ses in the liver grow rapidly and often become 
huge, whereas in the lung they rarely attain such 
massive proportions. Hence, of the two organs 
most often involved in the spread of cancer—liver 
and lung—the liver is widely regarded as offering a 
particularly favorable environment for the growth 
of metastases. However, the hypothesis that liver 
supports tumor growth better than does the lung 
has not been previously tested by controlled ex- 
periments. This has been done in the present in- 
vestigation. Living tumor cells were injected si- 
multaneously into the afferent vessels of liver and 
lung to ascertain whether the resultant tumors 
grow equally well in these two organs or whether, 
on the contrary, there are significant differences 
between them in their ability to support tumor 
growth. 

For these purposes the V2 rabbit carcinoma (7) 
is suitable. The rabbit is a sufficiently large animal 
for injections into small vessels, such as the hepatic 
artery, to be possible. Suspensions containing 
many viable tumor cells can be easily prepared. 
The tumor grows rapidly in various organs (1). 
The metastatic tumors in liver and lung are ap- 
proximately spherical, sharply circumscribed, and 
of distinctive pale color, and hence can be accu- 
rately measured. 

For comparison with the results of these experi- 
ments on rabbits, measurements will be given of 
metastatic tumors observed at autopsy in liver and 
lung of man. 


MATERIALS AND METHODS 


The V2 carcinoma was maintained by serial transplantation 
in the thigh muscles of rabbits. Suspensions of tumor cells were 
prepared from healthy portions under sterile conditions. Small 
bits were placed in Tyrode solution and squeezed with a glass 


* This investigation has been aided by a grant from The 
Jane Coffin Childs Memorial Fund for Medical Research. 
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rod through a fine-meshed (40 wires per inch) stainless stee | 
sieve. The larger fragments were allowed to settle out. Individ- 
ual cells and small cell aggregates per cubic millimeter of the 
suspension were counted in a hemocytometer. The concentra- 
tion was adjusted by dilution. In Experiments I and II the 
number of tumor cells was varied, as shown in Table 1. In all 
other experiments there were from 0.5 to 1.3 million individual 
cells and from 1,000 to 15,000 cell aggregates/0.5 ml, the 
amount used for injection. The suspension was kept in a small 
flask on an ice plate and, to insure uniformity, was gently 
swirled before it was taken into the syringe for each injection. 

Large albino rabbits, weighing from 2.4 to 2.9 kg., were used. 


TABLE 1 


RELATION BETWEEN NUMBER OF TUMOR CELLS IN- 
JECTED AND NUMBER AND SIZE OF RESULTANT 
TUMORS IN LIVER AND LUNG 


No. TUMOR CELLS S1zE 
(10°) AND ROUTE Geometric 
EXPpERI- OF INJECTION NUMBER Mean Vol- 
MENT Portal Systemic OF TUMORS ume (mm.?) 
NO. vein’ vein Liver Lung Liver Lung 
7,000 7,000 900 1,100 102 1.4 
I 70 70 94 110 151 1.5 
70 7,000 17 + 1,000 76 3.2 
280 2.8 - 600 127 284 1.4 
II 2.8 280 24 1,350 28 2. 
2.8 280 40 1,600 112 


Under ether anesthesia, laparotomy in the midline was per- 
formed so as to expose the portal vein or hepatic artery. The 
former was injected through one of the large mesenteric veins; 
the hepatic artery was injected directly. All animals received 
suspensions of tumor cells, freshly prepared for each experi- 
ment, first into either portal vein or hepatic artery and, about 
1 minute later, into one of the large ear veins, through a 27- 
gauge needle. Thus, in each animal, tumor cells were deposited 
at very nearly the same time in both liver and lung. Bleeding, 
which was sometimes severe after puncture of the hepatic 
artery and less so after injection of the portal tributary, was 
controlled by compression with warm saline sponges. 

The animals were sacrificed at various intervals from 12 to 
35 days after inoculation; the liver and lungs were removed, 
hardened in formalin, and then cut into serial slices not larger 
than 2 mm. in thickness. Size and number of tumors were de- 
termined by the hand lens or naked eye, with care that the 
same tumor was not counted or measured more than once. 
When the number of tumors exceeded 135 (which happened in 
only three rabbits), the total number was estimated from 
counts in representative slices. Measurements with a finely 
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calibrated scale were made of the two largest diameters of the 
tumors to an accuracy of 0.5 mm. Since most of the tumors 
were approximately spherical, their volume was readily com- 
puted. After counts and measurements, ten samples of tissue 
were removed at random from each organ, and sections were 
prepared for microscopic examination. Because of the presence 
of coccidioidal granulomas in liver or of pneumonic consolida- 
tions in lung, which could not with certainty be differentiated 
in measurements or counts from tumors, a few rabbits had to 
be eliminated. This left 25 rabbits for comparison. 


RESULTS 

The relative size of tumors in liver and lung.-—In 
the first two experiments the concentration of the 
tumor cell suspensions was varied, the liver or lung 
receiving either the same number of tumor cells or 
one organ receiving 100 times as many cells as the 
other. As shown in Table 1, the number of result- 
ant tumors was roughly proportional to the con- 
centration of the cell suspension, but in all ani- 
mals the mean size of the tumors was greater in the 
liver than in the lung. 


TABLE 2 


NUMBER AND SIZE OF TUMORS IN LIVER AND IN LUNG RE- 
SULTING FROM INTRAVASCULAR INJECTION OF EQUAL 
AMOUNTS OF TUMOR CELL SUSPENSION* 


(a) Into portal vein and a systemic vein (rabbits 1-14) or 
(b) Into hepatic artery and a systemic vein (rabbits 15-21) 


Days 
AFTER IN- 
VESSELS TRAVAS- 
INTO WHICH CULAR IN- 

TUMOR CELLS JECTION NUMBER OF 

WERE BIT OF TUMOR OF TUMORS TUMORS 
INJECTED NO. CELLS Liver Lung Liver Lung 
1 12 21 36 26 0.6 
2 14 121 135 a 
3 14 38 63 3.8 0.9 
4 15 10 65 7.6 0.6 
5 21 19 14 19 0.6 
Portal vein 6 21 16 104 13 0.6 
and 7 27 24 13 10 0.5 
ear vein 8 27 33 85 65 1.5 
9 $1 18 24 17 0.9 
10 32 900t 1,1007 102 1.4 
ll 32 94 110 151 1.5 
12 34 47 5507 538 3.0 
13 35 38 135 440 2.3 
14 35 85 3007 390 3.9 
15 12 7 88 4.0 0.6 
16 21 17 76 8.1 0.7 
Hepatic 17 27 11 60 7.2 1.797 
artery and 18 27 9 75 17.0 1.2 
ear vein 19 . @& 19 62 25.0 0.9 
20 34 27 92 60.0 2.8 
21 35 12 130 790.0 3.4 


* Animals are arranged according to length of survival after injection. 
t Estimated from counts of representative slices. 


In the other experiments, any given animal re- 
ceived the same concentration of tumor cells in the 
liver and in the lung. In fourteen rabbits the size of 
the tumors in the liver after injection by the portal 
system was compared to the size of tumors in the 
lung, the animals having been sacrificed at various 


intervals. In seven rabbits, a similar comparison 
was made after introducing tumor cells into the 
liver through the hepatic artery. In both groups, 
the mean size of the metastases in the liver ex- 
ceeded the mean size of the metastases in the lungs 
at every stage of growth. In other words, the liver 
tumors always exceeded the lung tumors in size, 
whether the emboli reached the liver through the 
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Cuart 1.—Relation between the sizes of the tumors in liver 
and lung after injection of equal numbers of tumor cells into 
the portal vein and into a systemic vein (data from Table 2, 
rabbits 1-14). 


portal vein or the hepatic artery. These data are 
summarized in Table 2, where size is expressed as 
geometric mean volume in mm.’ Representative 
photographs of the tumor in six rabbits are given 
in Figure 1. 

For ease of inspection, the data are represented 
graphically. Charts 1 and 2 show the relation be- 
tween the size of the tumors in liver and lung after 
injecting equal numbers of tumor cells into the 
portal vein or the hepatic artery, respectively, and 
into a systemic vein. In order to reduce the data to 
a convenient scale, logarithms of the geometric 
means have been used (3). Both graphs make it 
evident that the rate of increase in the size of tu- 
mors in the two organs differed. The rate of tumor 
growth was obviously much faster in the liver than 
in the lung. If more than one animal was examined 
on a given day, as, for example, on the fourteenth 
day (Chart 1) and on the 27th day (Chart 2), the 
least mean size of the liver tumors always ex- 
ceeded the greatest mean size of the lung tumors. 
Since this relation held, whether the portal vein or 
the hepatic artery was the route by which the tu- 
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mor cells were introduced into the liver, the results 
of these experiments have been combined to show 
more clearly the ratio between the size of liver 
tumors and of lung tumors. In Chart 3, the loga- 
rithms of the ratios, mean liver tumor volume to 
mean lung tumor volume, are plotted against time. 
The right ordinate gives the proportionality scale 
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CuHart 2.—Relation between the sizes of the tumors in liver 
and lung after injection of equal numbers of tumor cells into 
the hepatic artery and into a systemic vein (data from Table 2, 
rabbits 15-21). 


of this ratio. At the beginning of the observations, 
12 days after inoculation, the liver tumors were 
about 5 times greater in actual volume than the 
lung tumors; the difference in ratio steadily in- 
creased so that at the end of the experiments, 35 
days after inoculation, the liver tumors were from 
100 to 250 times greater in size. 

The relative number of tumors in liver and lungs. 
—As shown in Table 2, there were usually more tu- 
mors in the lung than in the liver, especially when 
the hepatic artery was injected. These differences 
can perhaps, but not with certainty, be accounted 
for by the bleeding, particularly when injections 
were made into the hepatic artery. Because of the 
loss of blood, it is thought that a variable number 
of tumor cells failed to reach the liver. It is also 
possible that other factors come into play, such as 
differences in passage of cells through liver to lung 
or through lung to liver. Also, there may be differ- 
ences between these organs in the percentage of 
arrested tumor emboli that become established. 
However, differences in the number of tumor cells 
reaching liver and lung, as is shown in Table 1, 


influenced only the number of the resultant tu- 
mors, but not their size. 

Comparative size of metastatic cancers in liver and 
lung of man.—lIt is of interest to compare the re- 
sults of these experiments with a cancer of the rab- 
bit to measurements made at autopsy of metastat- 
ic cancers in the liver and lungs of man. Routine 
measurements at human autopsies are seldom as 
precise as those made in experimental animals for 
a specific purpose; moreover, the actual size of ev- 
ery tumor present is rarely stated; hence, average 
size cannot be computed. Nevertheless, in many 
protocols there is a statement as to the shape and 
size of the largest tumor. In our own protocols, we 
found recorded 154 cases in which the measure- 
ments appeared to be sufficiently exact for com- 
putation of tumor volume. To find out whether 
comparison based upon largest size, rather than 
mean size, gives any information of value, we have 
first computed the ratio of largest liver tumor vol- 
ume to largest lung tumor volume in the experi- 
mental rabbits. As shown in Table 3, the largest 
liver tumors in the rabbit were on the average 39 
times greater than those in the lung. A similar pre- 
ponderance of tumor size in liver over lung was 
found in the human material. In 29 cases with in- 
volvement of both organs, the ratio of liver tumor 
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Cuart 3.—Ratio of sizes of liver tumors to lung tumors in 
21 rabbits injected with equal amounts of tumor cell suspen- 
sion, either into the portal vein and a systemic vein (solid 
circles) or into the hepatic artery and a systemic vein (open 
circles). 


to lung tumor was 7:1. In 59 cases in which meta- 
static cancers occurred in the liver but not in per- 
ceptible form in the lung (although secondary 
growths were often present in other organs), and 
in 66 cases where the reverse relation obtained, the 
combined ratios were again about 7:1. In contrast 
to the single type of cancer used in the experi- 
ments, the human material comprised a great 
variety of cancers. A comparison such as the above 
is suggestive but not conclusive. It is noteworthy, 
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however, that, despite the variable nature of this 
material, human liver tumors were found to be, on 
the average, much larger than lung tumors. 


DISCUSSION 


From the results of these experiments we can 
now attempt to answer the questions proposed in 
the “Introduction.” In all experiments the growth 
of cancer in the liver exceeded that in the lung by a 
wide margin. This finding bears out the widely 
held belief, based upon clinical and autopsy obser- 
vations, that the liver affords a particularly favor- 
able environment for cancerous metastases. (For 


TABLE 3 


COMPARISON OF SIZES OF THE Largest TUMORS IN LIVER 
AND LUNG OF RABBITS, AND OF SIZES OF THE Largest 
METASTATIC TUMORS IN LIVER AND LUNG OF MAN 


Approxi- 
LIVER Lune mate Ratio 
Geometric Geometric of liver 
mean of mean of tumor vol- 
largest largest ume to lung 
No. tumors tumors tumor 
CASES (mm.,?) (mm.?) volume 
Rabbit tumors 21 537 13.8 39:1 
in both liver 
and lung 
Human tumors 29 5,600 780 7:1 
in both liver 
and lung 
Human tumors 59 in 
in either liver liver 
or lung 66 in 5,400 790 TI 
lung 


discussion and references to the literature, see espe- 
cially Willis [9, 10], Walther [8], and Katz [5].) The 
nature of the factors, physical or chemical, that 
make hepatic tissue a superior environment for 
growth of cancer are unknown. Because of the 
liver’s great metabolic activity, it seemed possible 
that the temperature within the liver parenchyma 
might play a part; but, although in recent thermo- 
couple measurements the temperature within the 
livers of rabbits was found to be consistently 
higher than the temperature within the substance 
of the lung, the average difference was only 
0.18° C. (2). Such a small difference in tempera- 
ture cannot account for the great difference be- 
tween the liver and lung in their ability to support 
growth of metastases. 

Of chemical factors peculiar to the liver, the fol- 
lowing have been especially considered as favoring 
growth: rich carbohydrate content and poor oxy- 
genation (9), the exceptionally high concentration 
of amino acids (11), the presence of growth-pro- 
moting substances (4). All these factors may play 
a part, but definite knowledge is still lacking. 


Meanwhile, these hypotheses are valuable in sug- 
gesting lines for further investigation of an impor- 
tant subject. 


SUMMARY AND CONCLUSIONS 


The ability of liver and lung to support growth 
of cancer was compared by injecting simultaneous- 
ly suspensions of V2 rabbit carcinoma cells into 
either the portal vein or the hepatic artery, and 
into a systemic vein. Thus, in each animal, cancer 
cells were deposited in both liver and lung. The 
animals were sacrificed at various intervals of time, 
from 12 to 35 days after inoculation, and the num- 
ber and size of the tumors were determined. 

In all 25 animals available for comparison it was 
found that the mean size of the liver tumors ex- 
ceeded the mean size of the lung tumors, whether 
the liver was injected through the portal vein or 
the hepatic artery. At the beginning of the obser- 
vations, 12 days after inoculation, the liver tumors 
were about 5 times greater in volume than the lung 
tumors. At the end of the observations, 35 days 
after inoculation, the liver tumors were from 100 
to 250 times greater in size. 

According to the present experiments, tumors, 
once established, grew faster in the liver than in 
the lung. Therefore, the liver is the better environ- 
ment for supporting tumor growth. 

Comparing the sizes of metastatic cancers in 
liver and lungs in a series of 154 human autopsies 
in which adequate measurements were recorded, 
the mean size of the largest tumors was 7 times 
greater in the liver than in the lung. 

The experiments support the hypothesis origi- 
nally based on clinical and autopsy observations 
that, in the liver and lung at least, the factor of 
tissue environment is of importance in the problem 
of metastasis. 
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Fia. 1.—Representative photographs showing size of 
tumors in liver and lung of six rabbits sacrificed 32-35 days 
after intravascular injection of tumor cel’s. Each rabbit had 
received equal quantities of cell suspensions both in a systemic 
vein and in either portal vein or hepatic artery. The resulting 
tumors were invariably much larger in the liver than in the 
lung. (Actual size.) 
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Hyperplasia and Cystic Dilatation of Extrahepatic Biliary 
‘Tracts in Mice Bearing Grafted Pituitary Growths” 


J. Furtu, E. L. Gapspen, anp A. C. Upton 


(Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.) 


Pituitary growths can be readily induced in 
mice by thyroid-destructive doses of I'*! (3, 8). 
The primary growths are readily transplantable in 
mice rendered athyroid in a similar way but not in 
normal mice (3). In the course of transplantation, 
some such growths gain autonomy, acquiring the 
capacity to grow in euthyroid animals (3, 4). These 
pituitary grafts grow progressively in [!*!-pre- 
treated mice and metastasize to regional lymph 
nodes, and the animals die when the tumor weighs 
approximately 3-6 gm. The pituitary tumor cells 
are usually chromophobic or occasionally slightly 
basophilic; acidophilic cells are invariably absent. 

At autopsy of the I'*!-pretreated tumor-bearing 
mice, the most conspicuous findings were (a) stim- 
ulation of the gonads and secondary sex organs 
similar to that observed after injections of large 
quantities of gonad-stimulating hormones and 
(b) cystic dilatation of the extrahepatic biliary 
tract, often with rupture. The latter changes are 
described in the present report, and evidence is 
presented indicating that they are due to pituitary 
stimulation. In mice not pretreated with I'*! there 
was tremendous hyperplasia of the thyroid gland 
often with numerous adenomas. Bioassays in tad- 
poles! and guinea pigs indicate the presence of large 
quantities of thyroid-stimulating hormone (TSH) 
in the tumors and blood of tumor-bearing mice. 
Stimulation of the adrenal glands has not been 
noted in tumor-bearing hosts. 

The procedures of induction and transplanta- 
tion of these tumors have been described (3, 4). 

Morphologic changes in the biliary tracts.—The 
changes in the biliary tract observed at autopsy 
are sketched in Chart 1 in approximately increas- 
ing order of severity. Moderately large cystic dila- 


* Work performed under Contract No. W-7405-eng-26 for 
the Atomic Energy Commission. 


1Drs. S. A. D’Angelo and N. S. Halmi have made orienta- 
tive quantitative bioassays for TSH, arriving independently at 
the conclusion that these tumors contain per unit weight about 
as much TSH as normal pituitaries. This would indicate well 
over a thousandfold increase of TSH in tumor-bearing hosts. 
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tations are illustrated in the gross photographs, 
Figures 1 and 2. The earliest changes noted were 
localized at either the terminal portion of the com- 
mon duct (Chart 1b) or at the region of the junc- 
tion of hepatic and common ducts (Chart Ic). 
Thickening, with diminished transparency and/or 
slight dilatation of the duct, marked the onset of 
this change. The lesion progressed, with localized 
dilatation of the duct in these regions, and, when 
the lumen exceeded about 5 mm. in diameter, the 
common duct was usually involved in its entire 
length (Chart 1f), but even with large cystic dila- 
tation an indentation may separate the two areas 
of prime changes (Chart le). Figure 1 illustrates a 
female mouse having tumor grafts in both legs and 
exhibiting the ovarian and uterine changes indica- 
tive of stimulation by pituitary gonadotrophins. 
Figure 2 shows the large, distended seminal ves- 
icles of a male mouse. 

The gallbladder was usually transparent, filled 
with green clear bile, and was of normal size or 
only slightly dilated. The extrahepatic portion of 
the hepatic duct was only occasionally thickened 
or very slightly dilated, and its intrahepatic por- 
tions showed no change. The cystic duct was usually 
thickened. 

Microscopic examination disclosed a_ hyper- 
plasia of the wall of the extrahepatic ducts, most 
marked in the region of the ampulla and at the 
junction of hepatic and cystic ducts. Figure 3 is a 
longitudinal and Figure 4 a transverse section of 
the region of the ampulla of Vater. The hyper- 
plastic ampulla projected into the lumen of the 
duodenum (Fig. 3), as evident on gross dissection. 
There were a few mitotic figures (Fig. 8), and, in 
places, mucus-secreting cells are numerous. The 
wall of the extrahepatic duct system was thick- 
ened, with some proliferation of stromal cells and 
deposition of much metachromatic material in the 
ground substance (Fig. 5), which does not take the 
mucicarmin stain. This change occurred early and 
was noted also in one animal in which no gross 
changes were detected in the biliary tract. The 
content of the cystic dilatations was usually clear, 
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slightly green, and only slightly viscous. Occasion- 
ally, they contained some white, flaky material. 
Fluid injected post mortem into several dilatations 
readily entered the duodenum after distention of 
the cysts. Thus, anatomically the ducts were pa- 
tent; it remains uncertain whether their dilatation 
was due to a physiological obstruction at the am- 
pulla, or atonia, or both. 

In numerous mice the cystic dilatations were 
found collapsed at autopsy, and thin viscous bile 


Cuart 1.—Sketches of extrahepatic biliary ducts and gall- 
bladder; (a) normal; (6) common bile duct, dilated at distal 
end; (c) common bile duct dilated at proximal end; (d) common 


filled the peritoneal cavity. In some animals killed 
when moribund, the entire abdominal wall and 
even the subcutaneous tissue in juxtaposition to 
the dilatation were bile-stained, indicating that 
rupture had occurred at least several hours before 
death. Peritonitis was not noted at autopsy, even 
though the volume of free intraperitoneal fluid was 
estimated at 2-3 ml. In one mouse hemorrhage 
into the cyst was the immediate cause of death. 

In several mice there was a mild to moderate 
edema, with acute interstitial pancreatitis in the 
region of the ampulla (Fig. 7). Pancreatic fat 
necrosis was not seen on gross inspection but was 
found in sections. 

Although the morphogenesis of these changes 
requires further study, it seems that the primary 


change is a hyperplasia of the duct, and that dila- 
tation either accompanies or follows the hyper- 
plasia. The anatomical picture is not that of 
biliary obstruction, and consequences of the latter 
were invariably absent. _ 

Relation of tumor size and radio-thyroidectomy to 
common duct stimulation.—The data detailed in 
Table 1 indicate that these changes in the common 
duct are frequent only when the tumor is large. 
They were not seen at autopsy in mice bearing pri- 


bile duct slightly dilated throughout its entire length; (e) duct 
moderately dilated throughout, with slight constriction at mid- 
point; (f) duct greatly dilated, forming large cyst. 


mary I'*!-induced tumors or in those bearing graft- 
ed dependent tumors less than about 1 cm. in di- 
ameter. The incidence of cysts in mice with such 
tumors of about 1 cm. across (+) was 11 per cent; 
in those with tumors of about 1.5-2 em. across 
(++), 56 per cent; in mice with larger tumors 
(+++), 85 per cent. In the course of numerous 
subpassages, the dependent tumor line retained 
ability of both to elaborate thyrotropic hormones 
and to cause the development of common duct 
cysts; but the autonomous tumor line carried in 
normal hosts never gave rise to such dilatations. 
Autonomous tumors are carried in both normal 
and radio-thyroidectomized mice, and the data in 
Table 1 indicate that the autonomous tumors lost 
capacity to elaborate the factor causing these 


| 
| 
A ( 
wa 
+ 
rh 
The 
4 
t) 
Cc 
s] 
Ay 
4 
< tl 
ir 
rere ] 
ne 
] 
| 


FuRTH et al.—Biliary Tract Effects by Pituitary Growths 


T41 


changes, with two exceptions which deserve spe- 
cial comment. Both occurred in radio-thyroidec- 
tomized animals in the second subpassage (that is, 
soon after isolation) of the autonomous line. None 
was seen in later passages. 

Ability to elaborate TSH was retained after 
acquisition of autonomy. It is possible that this 
dichotomy is only apparent and is due to a quanti- 
tative decrease in hormone production by the 


estrogenic hormones over periods longer than 400 
days. The changes in our mice could not be at- 
tributed to estrogens alone, since they were pres- 
ent in males with large seminal vesicles and pros- 
tates (Fig. 2). Furthermore, they were not seen in 
mice bearing grafted granulosa-cell tumors dis- 
charging large quantities of estrogen (1) or in mice 
bearing grafted luteomas with secondary changes 
of masculinization (5, 9). Common duct cysts 


TABLE 1 


CHOLEDOCHAL STIMULATION IN RELATION TO TUMOR SIZE IN MICE WITH 
GRAFTED PITUITARY TUMORS* 


SIZE OF CYSTIC DILATATIONS 


Tumor No. IN CysTIC DILATATIONS No. of mice 
SIZE GROUP No. Per cent Small Medium Large Not recorded 
Dependent strains; host radiothyroidectomized 
+ 28 3 ll 0 0 g 1 

 - 39 22 56 5 6 5 6 

+++ 55 47 85 13 8 15 ll 
Autonomous strain; hosts radiothyroidectomized 

++ 4 0 

+++ 26 Q 8 1 1 
Autonomous strain; host normal 

++ 6 0 

+++ 65 0 


* For explanation, see text. 


TABLE 2 


COMMON DUCT CYSTIC DILATATIONS IN GONADECTOMIZED MICE BEARING 
DEPENDENT PITUITARY TUMORS 


AT GONADECTOMY 


No. AND SEX — Tumor Duct 
OF MOUSE STRAIN size change 
70 M 3D + N.E.t 
76 M 3D + N.E. 
77 M 3D “pe N.E. 
69 M 3D ote N.E. 

283 M 83D +++ Small 
65 M 3D oto N.E. 
19 F 101 oo Small 
20 F 101 + + N.E. 
15 F 163 + N.E 


* After gonadectomy. 


autonomous tumors. This possibility will be ana- 
lyzed by quantitative bioassays. 

Relation to gonadal stimulation and to estrogens.— 
All tumor-bearing female mice with cystic dilata- 
tion of the common duct also had morphologic 
changes indicative of stimulation by gonadal 
stimulating hormones, with rare and questionable 
exceptions. On the other hand, numerous mice 
with tumors of medium size had gonadal stimula- 
tion without any gross cystic changes in the duct. 

Gonadal stimulation was evident in numerous 
normal mice bearing autonomous pituitary tumor 
grafts exceeding 1 cm. in greatest diameter, but 
none of these had common duct dilatation. 

Gardner, Allen, and Smith (7) described the 


presence of similar cysts in mice that had received 


AT DEATH ComMMON 
No. of Tumor CASTRATE DUCT 
days* size ATROPHY CYST 
35 whee Slight 0 
76 +++ Marked Medium 
34 +++ Slight Small 
22 Se Slight Small 
18 +++ Slight Large 
43 ee Marked Small 
90 +++ Slight Medium 
71 tee Marked Small 
63 Snel Moderate Medium 


t N.E. =Not established. 


occurred also in the presence of seminal vesicle 
atrophy. 

In order to study further the role of gonadal 
hormones in the development of dilatation of the 
common duct, tumor-bearing mice of both sexes 
were gonadectomized. Data on such mice living 
after gonadectomy for 18-90 days are shown in 
Table 2. All mice tabulated exhibited at autopsy 
slight to advanced castration atrophy of seminal 
vesicles or uterine horns, respectively; neverthe- 
less, all but one had some cystic dilatation of the 
common duct. This series includes two mice 
gonadectomized when the animals had a slight 
common duct dilatation. One of these mice died 
18, the other, 90 days after gonadectomy, with 
large and medium cystic dilatation, respectively, 
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and with atrophy of the secondary sex organs. 
These observations suggest that gonadal hormones 
play a minor role, if any, in the development of the 
cystic dilatation of the common duct. 


DISCUSSION 


It is highly probable that the change in the 
common duct here described is caused by hor- 
mones related to TSH or by their metabolites. 
Transplantable tumors in mice have now been 
investigated for well over half a century, and 
among those studied are various hormone-secret- 
ing tumors, including nonsecreting chromophobe 
adenomas of the pituitary (6). None but the hor- 
mone-secreting pituitary tumors here described 
were capable of causing a cystic dilatation of the 
common duct. Two features are common to tumors 
which cause this change: discharge of tremendous 
quantities of TSH and absence of normally func- 
tioning thyroid glands. 

During fasting, the entrance of bile into the 
duodenum is blocked by the sphincter of Oddi 
which remains tonically contracted; therefore, the 
gallbladder becomes gradually distended with re- 
tained bile (cf. 2). The cysts formed in our mice 
were not due to fasting; evidence of starvation was 
not noted at autopsy. 

The mechanism of evacuation of the gallbladder 
has been the subject of some debate. Emptying of 
the biliary tract occurs after the introduction of 
fat into the duodenum when all nervous connec- 
tions between the biliary and gastrointestinal 
tracts and between the former and the central 
nervous system have been severed. This suggests a 
hormonal or humoral mechanism (cf. 2). Ivy and 
Oldberg (10) obtained a hormone-like substance 
related to secretin, which they named “‘cholecys- 
tokinin,” that caused contraction of the gallblad- 
der when injected intravenously into animals. 
Smith, Pomaranc, and Ivy (11) found that intra- 
venous injection of 0.5 mg. “‘cholecystokinin”’ pro- 
duced prompt and efficient emptying of the gall- 
bladder of the nonpregnant guinea pig, but a de- 
layed and much less effective emptying of the gall- 
bladder of pregnant animals. The small differences 
in the direction of decreased reactivity of the gall- 
bladder muscle and increased resistance of the 
sphincteric mechanism appear to be responsible, 
in part, at least, for the impaired emptying of the 
gallbladder of the pregnant guinea pig. Most in- 
vestigations on the emptying of the biliary tract 
concern man and dog. Rats do not have a gallblad- 
der, but mice have; it is possible, however, that in 
the mouse the extrahepatic ducts behave as the 
gallbladder in higher mammals. If there is a 
““choledochokynetic”’ hormone, the effect here de- 


scribed may be attributed to inhibition of this 
hormone. 

The evidence presented here indicates that cyst 
formation is unrelated to the gonadal hormones. 
All our mice with such cystic dilatations were 
athyroid or had but rudimentary, poorly function- 
ing thyroids. Lack of TH alone cannot be the 
cause of this change, since it is absent in thyroidec- 
tomized animals not bearing grafted pituitary tu- 
mors. Animals bearing such tumors are subject to 
excessive gonadal stimulation, and estrogens can 
cause a similar change, as Gardner et al. (7) have 
shown. The liver metabolizes both estrogens and 
androgens, and, since common duct cystic dilata- 
tions occur in mice of both sexes bearing pituitary 
tumors, their genesis could be attributed to a com- 
mon metabolite of male and female gonadal hor- 
mones excreted by the liver. However, since this 
common duct change occurs in the absence of the 
gonad, its genesis is better attributed to a pituitary 
hormone. The causation of similar dilatations by 
long continued administration of estrogenic hor- 
mones by Gardner et al. (7) could possibly be at- 
tributed to secondary stimulation of the pituitary. 

The pituitary tumors here described secrete in 
large quantities only thyrotropic hormones. Secre- 
tion of gonadal-stimulating hormones is assumed 
on the basis of morphological changes in tumor- 
bearing hosts, but has not yet been demonstrated 
by bioassays. The possibility that a hitherto un- 
known pituitary hormone is responsible for the 
common duct hyperplasia and cyst formation and 
the pathogenesis of this phenomenon deserve fur- 
ther study: 


SUMMARY 


Hyperplasia and cystic dilatation of the extra- 
hepatic biliary ducts is a usual secondary change in 
mice bearing large grafts of dependent pituitary 
tumors which secrete thyroid-stimulating hor- 
mones (TSH) and probably also gonad-stimulat- 
ing hormones. Occasionally, rupture of the com- 
mon duct following excessive dilatation is the im- 
mediate cause of death. Autonomous pituitary tu- 
mors (those not requiring for growth absence of the 
thyroid) do not cause these changes in the common 
duct, even though such tumors secrete TSH and 
possibly gonad-stimulating hormones. 

The available evidence suggests that this 
change in the biliary tract is related to some hor- 
mone of the pituitary. 
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Fic. 1.—Female mouse bearing grafted tumors in both 
thighs. The thin-walled common bile duct is greatly dilated. 
Arrows point to the extrahepatic biliary tract. The ovaries are 
enlarged and contain hemorrhagic and cystic follicles, and the 
uterus is hyperplastic. 

Fic. 2.—Male mouse (grafted tumor not shown). The com- 
mon bile duct is dilated, and the seminal vesicles are hyper- 
trophic. Arrows point to the extrahepatic biliary tract. 

Fic. 3.—Longitudinal section of the ampulla of Vater. The 
mucosa of the common duct is hyperplastic, and the papillary 
elevation of the ampulla is exaggerated. (Hematoxylin and 
eosin.) X50. 

Fic. 4.—Transverse section of the ampulla of Vater. There 
is marked hyperplasia of the mucosa, and cystic dilatation 
of the adjacent part of the duct. (Hematoxylin and eosin.) 
x 50. 

Fic. 5.—The wall of the common bile duct is thickened by 
increased fibrous connective tissue. (Hematoxylin and eosin.) 

Fic. 6.—Normal gallbladder and cystic duct with liver. 
(Hematoxylin and eosin.) 50. 

Fic. 7.—Pancreatic portion of the common bile duct: with 
edema and acute inflammation about the duct and adjacent 
pancreas. (Hematoxylin and eosin.) 150. 

Fria. 8.—Terminal portion of common bile duct with mitotic 
figures in the hyperplastic mucosa. (Hematoxylin and eosin.) 
500. 
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The Genussis and Growth of Tumors 


V. Effects of Varying the Level 
of B Vitamins in the Diet” 


ALBERT [TANNENBAUM AND HERBERT SILVERSTONE 


(Department of Cancer Research,{ Medical Research Institute, Michael Reese Hospital, Chicago 16, IIl.) 


As parts of a broad, integrated program on nu- 
trition in relation to cancer, the influence of under- 
feeding, caloric restriction, and the proportions of 
fat and protein in the diet of mice have been in- 
vestigated (9-12). The work reported in this pub- 
lication deals with the possible modification of tu- 
mor formation consequent to varying certain B 
vitamins from dietary levels considered to repre- 
sent minimal requirements for mice to amounts 
several-fold higher. Two experiments are con- 
cerned with the spontaneous mammary carcinoma 
and two with skin tumors deliberately induced 
with chemical carcinogens. 

Vitamins of the B complex were chosen for 
these investigations on the assumption that large 
dietary differences in these essentials may exert a 
more significant influence on metabolism—and, 
therefore, possibly on carcinogenesis—than might 
other vitamins. Particularly, the consequences of 
stepwise gradation of six vitamins were studied: 
thiamine, riboflavin, pyridoxine, pantothenate, 
niacin, and choline. The minimal dietary require- 
ments for the first four are known with a fair de- 
gree of accuracy. The needs for niacin and choline 
and the remaining known members of the B com- 
plex have not been defined for mice; apparently, 
they were adequately supplied by the small 
amounts in the “‘vitamin-free”’ casein and yeast ex- 
tract employed in the present experiments, and by 
the considerable contribution of intestinal synthe- 
sis. It should be noted that the mice were housed 
under relatively good conditions, and not exposed 
to toxic agents, or to antibiotics that might hinder 
synthesis of vitamins by the intestinal flora. In all 
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four experiments the vitamins were varied as a 
group, it being our purpose to ascertain over-all 
effects before considering the possible influence of 
altering the consumption of a particular vitamin. 


METHODS 


The mice utilized in the investigations were of 
inbred strains, raised in our laboratory. At wean- 
ing they were divided into three groups, litter- 
mate distribution being employed so far as pos- 
sible. They were housed five to a cage and were fed 
Purina Laboratory Chow checkers until institu- 
tion of the experimental diets. During the study 
the animals were kept in cages with wire-meshed 
bottoms in order to minimize coprophagy. 

In all experiments the mice received a semipuri- 
fied diet composed of: 


Casein - 21 per cent 
Gelatin 2 per cent 
Partially hydrogenated 

cottonseed oil 5 per cent 
Salt mixture (14) 4 per cent 
Cornstarch 68 per cent 


The casein was Borden’s Labco Vitamin-Free 
brand, for which a typical vitamin assay was kind- 
ly supplied by the manufacturer: in micrograms 
per gram it contained thiamine, 0.03; riboflavin, 
0 35; pyridoxine, 0.03; pantothenate, 0.9; niacin, 
0.35; biotin, 0.03; folic acid, 0.13; vitamin Bye is 
present in undetermined amount. Ten U.S.P. 
units of Vitamin A, 1 U.S.P. unit of Vitamin D, 
and 0.4 mg. of Vitamin E in 0.005 ml. of cotton- 
seed oil were incorporated into the daily ration. 
The B vitamins were supplied in yeast extract and 
as crystalline compounds, described below. The 
diets were prepared each week and stored in a 
refrigerator at 4° C. The materials and methods 
employed in preparing the diets have been de- 
scribed previously (12). 
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Small supplements of yeast extract were utilized to supply 
a limited amount of B vitamins—and also unknown factors. 
The vitamin content of the Yeast Extract No. 3 (Anheuser- 
Busch Co.) is given in Table 1. The actual designed levels of 
vitamins were achieved by the addition of crystalline synthetic 
compounds. 

Each experiment included three groups of mice which were 
fed diets differing only in their content of B vitamins. The diet 
with the lowest levels of B vitamins was designed to contain 
thiamine, riboflavin, pyridoxine, and pantothenate in amounts 
approximately minimal for maintenance or growth—an at- 
tempt to provide enough to avoid vitamin deficiency and con- 
sequent voluntary food restriction. The actual quantities were 
based on information in the literature (6), modified by the re- 
sults of pilot experiments with our colonies of mice. The ration 
with 3 times these levels was considered to have reasonably 
adequate amounts of B vitamins (control or “‘normal”’ levels), 
whereas the one with 5 or 9 times the minimal levels contained 
super-abundant amounts. For simplicity, these three diets and 
the groups of mice consuming the rations are designated as low, 
moderate, and high. 

In the first studies with the spontaneous mammary car- 
cinoma and the induced skin tumor, the same amounts of yeast 


effects of an experimental procedure difficult. It was not ex- 
pected that both of these aspects could be kept constant for 
the three experimental groups consuming diverse vitamin- 
containing rations. This resulted in the decision to feed equi- 
caloric amounts, at slightly below ad libitum levels, in three 
of the experiments, and ad libitum in the fourth. Actually, the 
degree of scattering of food by the mice of the three groups of 
an experiment was not uniform, resulting in slightly unequal 
food intakes. 

The mice were allowed drinking water ad libitum. The rou- 
tine execution of the experiments—determining food con- 
sumption and body weights, inspection for physical condition 
and gross recognition of tumors, the removal and histologic 
study of lesions—are described in previous publications (7, 12). 


EXPERIMENTS AND RESULTS 
GENESIS OF SPONTANEOUS MAMMARY CARCINOMA 
Experiment 1.—Three groups, each consisting of 
47 DBA female mice ranging from 21 to 26 weeks 
of age, were placed on semipurified diets that dif- 


fered only in their B vitamin content (graded in 
the ratio of 1:3:5, as listed in Table 1). The daily 


TABLE 1 
CALCULATED CONTENTS OF B VITAMINS IN THE RATIONS 
(ug/gm of diet) 
PER MILLI- 
EXPERIMENT 1 EXPERIMENTS 2 AND 4 EXPERIMENT 3 LITER OF YEAST 

VITAMIN Low Moderate High Low Moderate High Low Moderate High EXTRACT* 
Thiamine 4.5 14 23 $3.2 10 30 $.$ 10 17 660 
Riboflavin Bll $.5 6 1.4 4 12 0.8 3 5 150 
Pyridoxine 3 10 19 2.6 8 24 2.9 8 14 40 
Pantothenate 10 30 51 6.6 20 60 7.5 23 38 200 
Niacin 12 40 65 3.6 11 33 9 29 +9 1,750 
Choline 18 690 1,300 600 1,800 5,400 13 500 1,000 2,500 


* These are average assay values of Yeast Extract No. 3 (Anheuser-Busch Co.) employed in these experiments. Per milliliter it also contained approximately 
1,200 yg. of inositol, 3 of biotin, and 12 of folic acid, plus other factors natural to yeast. The amounts of yeast extract incorporated into the several rations 


are given under “‘Methods.”’ 


extract were used in the preparation of the several rations: 
0.007 ml/gm of diet in Experiment 1, and 0.005 ml. in Experi- 
ment 3. Synthetic thiamine, riboflavin, pyridoxine, Ca panto- 
thenate, niacin, and choline were added in such quantities that 
(except for choline) they were present in the ratio of approxi- 
mately 1:3:5 in the low, moderate, and high vitamin diets, 
respectively. 

A second set of experiments, differing slightly from the pre- 
ceding design, was performed with the spontaneous mammary 
carcinoma (Experiment 2) and the induced skin tumor (Experi- 
ment 4). The low vitamin rations contained only 0.002 ml of 
yeast extract/gram of food plus supplements of synthetic 
thiamine, riboflavin, pyridoxine, pantothenate, and choline. 
The moderate and high vitamin rations contained, respective- 
ly, 3 and 9 times the amounts of both yeast extract and syn- 
thetic B vitamins, so that the experimental diets differed in the 
ratio of approximately 1:3:9. 

The calculated amounts of vitamins/gram of respective ra- 
tions given to the mice of the four experiments are shown in 
Table 1. The calculations include the estimated amounts con- 
tributed by the yeast extract and the alcohol-extracted casein 
plus the actual amounts of added synthetic vitamins. The 
latter account for the major proportion of the totals in the 
moderate and high vitamin diets of Experiments 1 and 3 and 
of all diets of Experiments 2 and 4. 

It is known that the level of caloric intake—and perhaps 
other factors related to body weight—influence the rate of 
formation of tumors, and that differences in caloric intake and 
body weight between groups may render interpretation of the 


ration per mouse was 2.7 gm. During the course of 
the experiment the mice of the three groups in- 
gested approximately the same amount of food, 
2.6 gm., the remainder being lost because of scat- 
tering. Food consumption figures indicated that 
the high vitamin group ate about 3 per cent more 
than the moderate and low vitamin groups. 

The experiment proceeded smoothly and was 
terminated when only three mice (110 weeks of 
age) were alive and without spontaneous mam- 
mary carcinoma. The data on mean body weights, 
and incidence of tumors and the average time at 
which they appeared, are given in Table 2. It is ob- 
vious that low, moderate, or high dietary content 
(an over-all fivefold difference) of thiamine, ribo- 
flavin, pyridoxine, pantothenate, niacin, and 
choline, as a group, had no effect upon the inci- 
dence of spontaneous mammary carcinoma. The 
actual relative frequencies of mice with tumors 
were 86, 86, and 89 per cent, respectively. The 
tumors appeared, on the average, somewhat earli- 
er in the mice fed the moderate vitamin diet. 

Experiment 2.—This study was patterned after 
the previous one, but with serial gradation of both 
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yeast extract and synthetic B vitamins, in the 
ratio of 1:3:9. Three groups, each made up of 65 
DBA female mice 10-13 weeks of age, were given 
the respective low, moderate, and high vitamin 
diets; the calculated B-vitamin content of the 
three rations is detailed in Table 1. The daily ra- 
tion per mouse was 2.6 gm. In all three groups 
about 5 per cent of the food was lost by scattering, 
and average food consumption was nearly equiva- 
lent. 

The experiment was continued until the mice 
were 110 weeks of age, at which time there were 
only two in each group alive and tumor-free. The 


application of carcinogen, a single drop of a 0.1 
per cent acetone solution of methylcholanthrene 
to the interscapular area. Altogether, they re- 
ceived seventeen applications at twice-weekly in- 
tervals. 

In this experiment the mice were fed ad libitum, 
and those ingesting low, moderate, and high pro- 
portions of vitamins ate, on the average, 3.6, 3.8, 
and 3.8 gm/mouse daily during the course of the 
study. Data on mean body weights of the mice, 
incidence of skin tumors at the termination of the 
study (51 weeks after the first carcinogen applica- 
tion), and average time of appearance of these tu- 


TABLE 2 
INFLUENCE OF VARYING THE DIETARY B VITAMIN CONTENT ON TUMOR FORMATION 


MEAN BODY WEIGHT 


DIETARY 

VITAMIN weeks of age 
EXPERIMENT LEVEL 30 50 70 
1. Mammary car- Low 24 25 24 
cinoma Moderate 23 26 25 
High 24 27 26 
2. Mammary car- Low 26 27 25 
cinoma Moderate 26 29 26 
High 25 28 26 

week of exp.t 
0 20 40 
Low 32 32 34 
3. Skin tumors Moderate 33 37 35 
High 34 38 37 
Low 29 29 27 
4. Skin tumors Moderate 31 31 29 
High 30 30 28 


* Number of mice adjusted for deaths of nontumor animals (2). 
t Weeks after initial application of carcinogen. 


data on mean body weights, incidence of sponta- 
- neous mammary carcinoma, and mean time of tu- 
mor appearance are summarized in Table 2. In 
the three groups of mice ingesting one-, three-, and 
ninefold concentrations of B vitamins, the tumor 
incidence was 78, 80, and 84 per cent, respectively. 
As in Experiment 1, the neoplasms developed at an 
earlier average time in the mice receiving the in- 
termediate proportions of B vitamins. 

The two experiments are in excellent agreement, 
indicating that dietary B vitamins ranging from 
minimal requirements to 9 times those amounts 
had no influence on the incidence of spontaneous 
mammary carcinoma. The effect upon the rate of 
appearance of neoplasms will be discussed later. 


GENESIS OF SKIN Tumors INDUCED BY CARCINOGENS 


Experiment 3.—Three groups of 50 C3H male 
mice, 12-14 weeks of age, were placed on semi- 
purified rations which differed only in their con- 
tent of B vitamins (Table 1). Five weeks after in- 
stitution of the diets the animals received the first 


MICE ALIVE 
MEAN TIME AND TUMOR- 
PER CENT MICE WITH TUMORS OF TUMOR’ FREE AT END 
No. weeks of age APPEARANCE OF EXPERI- 
MICE* 50 70 90 110 (weeks) MENT 
42 5 29 64 86 78+3.0 1 
44 Q 43 82 86 7121.9 g 
38 0 29 76 89 78+2.5 0 
59 2 34 68 78 73+2.1 g 
55 13 58 78 80 64+2.1 2 
56 13 48 73 84 69+2.6 2g 
week of exp.t 
16 28 40 51 65 
47 15 32 53 66 28+2.0 12 
48 8 $l 60 69 29+1.8 9 
48 17 40 58 79 29+2.1 6 
56 2 $2 60 Ti 86 37+1.8 6 
52 8 67 82 85 85 25+1.0 0 
54 7 52 4 80 87 30+1.7 1 


mors are summarized in Table 2. Based on either 
total skin tumors (papillomas and carcinomas) or 
carcinomas alone, there were no significant differ- 
ences in the incidence of tumors among the three 
groups. The mean times of appearance of the neo- 
plasms did not vary appreciably. 

Experiment 4.—In this study DBA males were 
utilized, and the three groups each consisted of 65 
animals 9-12 weeks of age. They were given 3.1 
gm. daily of semipurified diets containing the same 
1:3:9 B vitamin proportions as were used in Ex- 
periment 2 (Table 1). Small differences in loss of 
food through scattering resulted in average food 
intakes of 2.9, 3.0, and 2.95 gm/mouse, for the 
low, intermediate, and high vitamin groups, re- 
spectively. 

The carcinogen treatment was begun 11 weeks 
after institution of the experimental diets and con- 
sisted of the application of a single drop of a 6 3 
per cent acetone solution of 3,4-benzpyrene to the 
interscapular area. Eighteen such applications 
were given at semiweekly intervals. The experi- 
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ment was concluded 65 weeks after the first treat- 


ment with carcinogen. The pertinent data are. 


shown in Table 2. It is evident that the consump- 
tion of diets containing B vitamins ranging from 
minimal requirements to 9 times these amounts 
had no effect upon the incidence of benzpyrene-in- 
duced skin tumors. However, the mice ingesting 
the moderate concentrations of vitamins devel- 
oped tumors at a somewhat earlier time. 


GrowTH Tumors 

Although the actual rate of increase in the size 
of tumors was not determined, it was considered 
that an acceptable criterion of tumor growth is the 
survival time of the host—the interval between 
appearance of the neoplasm and death of the ani- 
mal.! The average survival time of mice bearing 
spontaneous mammary carcinomas ranged from 8 
to 9 weeks, there being no association with the 
level of dietary vitamins. A comparable independ- 
ence of vitamin intake and average survival time 
existed among the animals with skin tumors. Here 
the interval measured was that between the ap- 
pearance of a skin tumor, whether initially a 
papilloma or carcinoma, and death. The average 
values were approximately 15 weeks in Experi- 
ment 3 and 22 weeks in Experiment 4. These find- 
ings are in agreement with the general opinion that 
variations in vitamin intake—above minimal re- 
quirements for body growth—have little effect on 
the growth of neoplasms. 


DISCUSSION 


Many investigators have tested the influence of 
vitamins upon the genesis and growth of neo- 
plasms. Experiments have been performed with 
both deficiencies and abundances of these food 
components. The general field has been extensively 
reviewed (3, 5, 8). 

This study had, primarily, a narrower scope— 
investigation of the possible modifying effects pro- 
duced by varying the dietary content of B vita- 
mins, as a group, upon carcinogenesis. Further- 
more, consideration has been limited to propor- 
tions of B vitamins in the range above the minimal 
requirements of the host. The effects of clear-cut 
or severe deficiencies have been purposely avoided, 
since it is well known that these may result in re- 
duced caloric intake and body weight, conditions 
which themselves may strikingly inhibit carcino- 
genesis. | 

Two reports, on the influence of varying the 
levels of B vitamins from what might be consid- 

1In a number of experiments in which appropriate data 
have been gathered, the coefficient of linear correlation between 


the rate of growth of spontaneous mammary carcinoma and 
survival time of the host was approximately —0.5. 


ered just adequate for growth to several times the 
optimal amounts, are pertinent to the present in- 
vestigation. In one the effect of multiple B vita- 
mins—in low, control, and excess amounts—on 
the incidence of spontaneous lung adenoma in 
strain A mice was tested (13). Differences in tumor 
formation were observed, but these could easily be 
accounted for by the variable number of deaths 
not due to lung tumors. 

Perhaps the best study along these lines is that 
performed by Boutwell and co-workers (1). They 
examined the formation of skin tumors induced 
with benzpyrene under conditions in which ten of 
the B vitamins were varied as a group from levels 
estimated to be just adequate for maintenance to 
amounts considerably above the optimal. To other 
groups, diets were fed in which individual, pairs, 
and sets of B vitamins were decreased to minimal 
levels in the presence of adequate amounts of the 
remaining vitamins. All rations were fed _ iso- 
calorically. There were no noteworthy differences 
in the incidence of total skin tumors or carcinomas 
at 6 months after the first application of carcino- 
gen, except for a somewhat lower incidence of car- 
cinomas in the group fed all vitamins at the lowest 
level. These mice, however, showed some evidence 
of pyridoxine deficiency—namely, an acrodynia 
that was reversed by a single treatment with pyri- 
doxine. In another group which was fed a ration 
adequate in all B vitamins except pyridoxine, the 
animals developed nearly as many tumors as did 
the controls, and at no time did they exhibit clini- 
cal evidence of pyridoxine deficiency. 

The results of the four experiments reported in 
the present publication demonstrate that varying 
B vitamins in the diet, from minimal levels to 5 or 
9 times those amounts, had no significant influence 
on the incidence of spontaneously occurring mam- 
mary carcinoma or chemically induced skin tu- 
mors. However, in three of these studies—two 
with mammary carcinoma and one with induced 
skin tumors—neoplasms developed at a faster rate, 
on the average, in the mice ingesting moderate or 
“normal”? amounts of vitamins than in those on 
low or high vitamin intake. The differences were of 
statistically significant magnitude in the mam- 
mary carcinoma experiments if the two were ana- 
lyzed as duplicates. They were statistically sig- 
nificant in the skin tumor experiment. The studies 
were long-term, and the finding appears to be 
valid. It is possible that the results of Boutwell and 
co-workers (1) may also be interpreted in the same 
way, inasmuch as the incidence of total skin tu- 
mors was higher, at 6 months, in their control 
group as compared to the low and high vitamin 
groups. At the present time no great significance is 
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attached to this finding. Rather, it represents a 
point for clarification and interpretation in future 
work in this field. 

Although progress has been made in establish- 
ing the quantitative dietary requirements of the 
mouse for B vitamins, much 1s still unknown and 
unclear: (a) strains differ as to their needs; 
(b) the order of minimal values is known for some 
of the vitamins, not for others; (c) the part played 
by intestinal synthesis and utilization under a par- 
ticular set of conditions is not readily defined. 
Perhaps certain of the vitamins—thiamine, ribo- 
flavin, pyridoxine, and pantothenate—are more 
critical diefary components, whereas others can be 
synthesized in adequate amounts in the intesti- 
nal tract. Finally, the requirements for carcino- 
genesis may not be the same as those for somatic 
growth. 

Despite the difficulties inherent in the choice of 
vitamin levels, in control of caloric intake and/or 
body weight, and in the smooth operation of a 
long-term study, it appears, from our experiments 
and others cited, that considerable variations in B 
vitamin intake above minimal requirements have 
little effect upon the formation of the spontaneous 
lung adenoma, induced skin tumor, or spontane- 
ous mammary carcinoma. It is likely that this gen- 
eral statement is valid for many tumor types. This 
in no way negates the fact that there are special 
situations—due to the particular carcinogen or 
tissue—in which the dietary vitamin content 
profoundly affects carcinogenesis. The influence of 
riboflavin on azo dye-induced hepatic tumors is an 
excellent example of this category. 

It is probable that wide variations in the 
amounts of B vitamins fed are not mirrored pro- 
portionately in the actual concentrations in the 
tissues. In a pilot study accompanying Experiment 
3, three groups of C3H males were given equl- 
caloric amounts of the same diet, but differing in 
vitamin content in the ratio of 1:3:5 (Table 1). 
After 7 weeks they were sacrificed. Analysis for 
vitamin concentration revealed an average of 26, 
30, and 32 ug. of riboflavin and 8, 10, and 13 ug. of 
thiamine per gram of liver, in the mice consuming 
the low, moderate, and high vitamin diets, re- 
spectively. Perhaps other tissues, not directly in 
the path of intestinal absorption (for example, 
skin and mammary tissue), show even smaller dif- 
ferences. Excluding deficiency levels, wide ranges 
of dietary vitamins may result in tissue differences 
too small to modify carcinogenesis. Or, more like- 
ly, once there is an optimal concentration of vita- 
mins in the tissue, increases are excesses of insig- 
nificant metabolic importance. 

Although not the primary concern of this pub- 


lication, the question of the possible influence of 
vitamin B deficiency upon carcinogenesis follows 
naturally. Many investigations designed to en- 
lighten this subject are confounded by uncertain- 
ties relating to the level of caloric intake, body 
weight, and the clinical condition of the animals. 
However, two relatively well controlled studies by 
the Wisconsin group (1, 4) strongly suggest that 
pyridoxine deficiency may inhibit the formation of 
induced skin tumors. More work along these gen- 
eral lines is clearly warranted. 


SUMMARY 

Four experiments on the influence of B vitamins 
in carcinogenesis were performed: two with spon- 
taneous mammary carcinoma and two with car- 
cinogen-induced skin tumors. Three groups of 
mice were employed in each study, and dietary 
thiamine, riboflavin, pyridoxine, pantothenate, 
niacin, and choline were varied, as a group, from 
levels just adequate for growth to 3, and 5 or 9 
times these amounts. The rations were constructed 
of semipurified components, and the B vitamins 
were supplied by a yeast extract and, in larger 
proportion, by synthetic compounds. Caloric in- 
takes and body weights were adequately con- 
trolled. 

In each experiment, there were no significant 
differences in the incidence of tumors among the 
groups fed the minimal, moderate, or high levels 
of B vitamins. In three of the four experiments, 
however, the neoplasms developed at a faster rate 
in the mice ingesting moderate amounts of vita- 
mins than in those on either low or high intake. 
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Relative Influences of Natural and Semipurified Diets 


on Tumor Formation in Mice’*t 


HERBERT SILVERSTONE, RosBert D. SoLomon,{ AND ALBERT [TANNENBAUM 


(Department of Cancer Research,§ Medical Research Institute, Michael Reese Hospital, Chicago 16, Ill.) 


For a number of years this laboratory has been 
engaged in examining the influence of nutrition on 
the formation of tumors in mice. Before 1945 these 
studies were conducted with rations composed of 
natural foodstuffs, the principal basic components 
being either wheat grain or Purina Fox Chow meal 
and milk powder. To these were added cornstarch 
and partially hydrogenated cottonseed oil, which 
were varied depending on whether the experiment 
was concerned with the influence of caloric intake 
or the proportion of dietary fat. Investigations 
dealing with the roles of proteins, vitamins, and 
minerals were initiated in 1945. For these purposes 
diets of more definitive composition were required, 
a condition that was met by the use of semipuri- 
fied diets composed of casein, cornstarch, partially 
hydrogenated cottonseed oil, supplements of vita- 
mins, and a complete salt mixture. 

The first of such experiments dealt with the 
formation of skin tumors in strain DBA male mice. 
One hundred twenty-six of the animals lived until 
they were 14-16 months old; and, in 31 per cent, 
benign tumors of the liver were observed. Grossly 
and histologically, the neoplasms were of the same 
type that occur spontaneously in strains C3H and 
CBA mice (4, 8). The high incidence of hepatomas 
in DBA males that had consumed semipurified 
rations contrasted strikingly with the infrequent 
occurrence of this tumor in comparable mice of the 
same strain, sex, and age, but fed diets of natural 
foodstuffs. Our experience with females of this 
strain was of a parallel nature: Hepatomas had 
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never been observed in DBA females living 2 
years or longer on natural diets, whereas with 
semipurified rations hepatomas were found in ap- 
proximately 10 per cent of the animals living past 
20 months of age. To our knowledge, an appreci- 
able relative frequency of spontaneously occurring 
liver tumors in strain DBA mice has not been re- 
ported previously. For some time Andervont has 
been interested in the spontaneous hepatoma of the 
mouse—the occurrence and how it is influenced 
by age, sex, and other factors. Recently (1), after 
comparing his results on hepatoma formation in 
C3H mice of both sexes with those of our labora- 
tory, he was led to comment upon the probable 
importance of the nature of the diet. 

The present studies were designed to confirm 
the apparent augmentation of hepatoma forma- 
tion in mice ingesting semipurified rations and to 
determine whether there was any influence on the 
formation of other tumors in mice, particularly 
the carcinogen-induced skin tumor and the spon- 
taneous mammary carcinoma. 


MATERIALS AND METHODS 


The relative effects of a “‘natural” diet and a ‘‘semipuri- 
fied’’ diet were compared in each experiment. The natural 
rations were either Purina Laboratory Chow checkers, or a 
“chow mash” compounded of Purina Fox Chow meal, 33 per 
cent; skimmed milk powder, 33 per cent; cornstarch, 28 per 
cent; partially hydrogenated cottonseed oil, 3 per cent; and 
dried brewers yeast, 3 per cent. Purina Laboratory Chow 
and Fox Chow are commercial animal foods containing fish and 
meat meals, wheat germ, alfalfa meal, soybean oil meal, bread, 
corn grits, wheat, brewers yeast, skimmed milk, molasses, beet 
pulp, bone meal, iodized salt, supplements of riboflavin and 
animal protein factor, and vitamins A and D feeding oils. They 
are generally considered adequate for growth, reproduction, 
and lactation of the mouse. 

Two semipurified rations were used: Diet SP-1, designed to 
simulate the chow checkers, consisted of vitamin-free casein, 
24 per cent; gelatin, 2 per cent; cornstarch, 64 per cent; salts, 
4 per cent; partially hydrogenated cottonseed oil, 5 per cent; 
rice bran concentrate, 1 per cent; and the following amounts 
of vitamins per gram of diet: thiamine hydrochloride, 4 yg.; 
riboflavin, 1.2 wg.; pyridoxine hydrochloride, 3.3 yug.; calcium 
pantothenate, 8.5 ug.; niacin, 11 yug.; choline chloride, 300 yg.; 
3 U.S.P. units of A; 0.3 U.S.P. units of D; and 0.11 mg. of E. 
Diet SP-2, constructed to simulate the chow mash ration, 
was composed of vitamin-free casein, 20 per cent; gelatin, 2 
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per cent; cornstarch, 67 per cent; salts, 5 per cent; partially 
hydrogenated cottonseed oil, 5 per cent; yeast extract, 1 per 
cent; and the following amounts of vitamins per gram of 
ration: thiamine hydrochloride, 15 yug.; riboflavin, 7.5 ug.; pyr- 
idoxine hydrochloride, 15 yg.; calcium pantothenate, 45 yug.; 
folic acid, 3 ug.; biotin, 0.1 yg.; niacin, 75 ug.; inositol, 375 ug.; 
p-aminobenzoic acid, 30 yg.; choline chloride, 3.75 mg.; 5 
U.S.P. units of A; 0.5 U.S.P. units of D; and 0.2 mg. of E. Per- 
haps the SP-2 diet more closely approximates the chow mash 
ration than the SP-1 diet dces the chow checkers. 

The materials, preparation, storage, and feeding of the ra- 
tions were similar to those previously described (7, 10). 

Some features of the diets are compared in Table 1. The 


TABLE 1 


PROXIMATE COMPOSITION OF DIETS EMPLOYED 
IN PRESENT EXPERIMENTS 


Semi- Semi- 
Chow purified Chow purified 
checkers SP-1 mash SP-2 
Per cent 

Protein 27 24 21 20 
Carbohydrate 48 58 60 60 
Ash 7 4 5 5 
Fat 5 5 5 5 

Micrograms per gram 
Thiamine 15 5 5 20 
Riboflavin 7 1.5 10 8 
Pyridoxine 2 5 5 16 
Pantothenate 15 13 21 47 


figures are averages based on manufacturers’ data and on di- 
rect analysis. The values for only four B vitamins are given, 
these being the ones for which the dietary requirements are 
relatively well defined. There also exist differences in kinds of 
protein, fat, carbohydrate, and minerals between the natural 
and semipurified rations. From what is now known, however, 
the actual differences in vitamin content and general com- 
position are not of an order likely to affect the genesis of the 
tumors under study. 

The mice were of strains DBA and C3H, from colonies 
maintained in our laboratory by brother-to-sister mating. 
They were fed Purina Laboratory Chow checkers from wean- 
ing until they were transferred to the experimental rations 
and were housed in sets of five in cages with solid bottoms. 
The animals of each experiment were born within a span of a 
few weeks, and the two component groups were constructed 
by litter-mate distribution as far as was possible. 

The routines of weighing and examining the animals for 
tumors and other deviations from normal appearance were 
those generally employed in our laboratory. The three tumor 
types studied were readily recognized grossly, their appear- 
ance and growth characteristics being valuable criteria. A con- 
siderable proportion of the lesions, including all that were 
questionable, were examined microscopically. 


RESULTS 


HEPATOMAS 


The influence of the two diet types on the inci- 
dence of spontaneous benign hepatomas was ex- 
amined in three separate experiments (Table 2). 

Experiment 1.—Two groups of 30 DBA male 
mice, 15 weeks old and averaging 26 gm. in body 
weight, were employed. One group was continued 
on Purina Laboratory Chow checkers ad libitum. 
The other was transferred to semipurified ration 


SP-1; during the course of the experiment the 
average daily food intake of the individual mice 
of this group was 3.4 gm. Within 3 months the 
animals reached weight levels (Table 2, column 6) 
which, in general, were maintained. When the sur- 
viving animals were 67 weeks old, they were 
sacrificed and examined. No tumors were observed 
in the livers of those fed chow checkers, whereas 
26 per cent of the mice fed ration SP-1 exhibited 
hepatomas (Table 2, column 8). 

The formation of the spontaneously occurring 
hepatoma is remarkably sensitive to the influence 
of caloric intake and body weight, and attention 
might be drawn to the fact that the animals fed 
the semipurified diet weighed about 10 per cent 
more than those on the natural ration. Since the 
food consumption of the latter group was not de- 
termined, it is not known whether there was also 
a difference in caloric intake. Actually, there prob- 
ably was no significant divergence in calories in- 
gested, for, in our experience, when the two diets 
are consumed in amounts calculated to be equi- 
caloric, mice receiving the semipurified diets are 
5-10 per cent heavier. Furthermore, a 10 per cent 
difference in body weight or caloric intake is not 
sufficient to produce the divergence in hepatoma 
incidence observed in the above study (11). 

Subsequent experiments were designed, never- 
theless, with the purpose of attempting to elimi- 
nate the possible effects of differences in caloric 
consumption and body weight. Apparently, the 
two diet types do not have the same nutritive 
value, possibly because of variations in digestibil- 
ity, intestinal synthesis and destruction of vita- 
mins, and other factors affecting the utilization of 
the ration. Thus, equivalence in all respects is im- 
possible, and one must decide which is to be kept 
constant—caloric intake, body weight, or some 
other feature of the diet-animal relationship. In 
our opinion, body weight is the best single measure 
of nutrition in studies of this nature. Accordingly, 
in the following experiments the rations were fed 
in such amounts that the average body weights 
were about the same in both groups. 

Experiment 2.—Two groups of 50 DBA male 
mice were utilized. When the animals were 15 
weeks of age one group was transferred to chow 
mash and the other to semipurified diet SP-2. 
The mice on the chow mash consumed an average 
of 3.8 gm/mouse daily. In order to maintain the 
two groups at equal mean body weights, the ani- 
mals fed SP-2 were restricted to an average daily 
ration of 3.4 gm., about 10 per cent less than that 
given the mice on the natural diet. Throughout 
the experiment, the difference between the mean 
body weights of the two groups did not exceed 
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1 gm. Forty-three of the mice fed chow mash 
and 45 of those fed SP-2 lived until they were 65 
weeks of age. At this time 21 animals in each group 
were sacrificed (Table 2, Experiment 2a). Only one 
animal in the group fed chow mash had a hepa- 
toma, and this was 2 mm. in diameter. In contrast, 
hepatomas were found in six of the mice that had 
been ingesting the semipurified diet. The remain- 
ing mice were allowed to live on (designated as 
Experiment 2b); the survivors were killed at 92 
weeks of age. Hepatomas were found in four 
of the 22 animals on the chow mash and in thir- 
teen of the 24 fed SP-2. When the results for the 
two age periods were combined, the animals 
given the natural diet had a relative frequency of 
hepatomas of only 12 per cent—significantly 


until termination of the experiment, when they 
were 57 weeks old. Hepatomas were observed in 
twelve of the 47 mice that had been on the natural 
diet in contrast to 21 of the 47 animals on the 
semipurified diet (Table 2). 

Experiment 4.—This study represents a pre- 
liminary test for the dietary factor(s) involved in 
the pronounced augmenting effect of the semi- 
purified rations—or, conversely, the relative in- 
hibiting effect of natural diets. Obviously, the 
problem may be complex; but some collateral 
studies and considerations prompted the following 
trial. Groups of 48 DBA male mice, 25 weeks old 
and weighing an average of 31 gm., were fed semi- 
purified diets. These were (a) SP-2, (b) SP-2 with 
a daily supplement for each mouse of 10 mg. of 


TABLE 2 


RELATIVE INFLUENCE OF NATURAL AND SEMIPURIFIED DIETS ON THE FORMATION 
OF SPONTANEOUS BENIGN HEPATOMAS IN MALE MICE 


AGE IN WEEKS AT 


RELATIVE FREQUENCY 


start of examina- OF MICE WITH Sizet or 
Exp. Mouse experi- tion for Bopy WEIGHTSs* No. HEPA TOMAS HEPA TOMAS 
NO. STRAIN Diet ment hepatomas (gm.) ANIMALSf (per cent) (mm.) 
Chow checkers 29 .4 (26-36) 26 0 — 
1 DBA 15 67 
SP-1 32.8 (28-41) 27 26 4.4 (2-14) 
Chow mash 38 .6 (30-45) 21 5 (2) 
2a DBA 15 65 
SP-2 38.5 (32-46) 21 29 8.3 (3-18) 
Chow mash 36.0 (28-42) 22 18 4.0 (2-7) 
2b DBA 15 92 
SP-2 36.5 (30-43) 24 54 10.1 (4-24) 
Chow mash 37.7 (30-42) 47 26 7.3 (3-15) 
3 C3H 34 57 
SP-2 37.1 (32-42) 47 45 8.4 (3-18) 


* Body weights during last 3 months of life: group means and, in brackets, range of individual vdlues. 
+t Number of animals surviving to the age indicated in column 5, except in 2b, where a number of animals had died with hepatomas between 76 and 92 weeks 


of age. 


t Diameters of hepatomas: group means and, in brackets, range of individual values. 


lower than the relative frequency of 42 per cent 
among the mice on the semipurified diet. Not only 
was there a decided difference in the number of 
mice with tumors, but, in addition, none of the 
former animals had more than one hepatoma, 
while one-third of the tumor-bearing animals on 
the SP-2 ration had multiple hepatomas. 
Experiment 3.—To determine whether a similar 
influence occurs in another strain of mouse and 
whether the effect could be obtained if the diet 
differences were instituted at a later age, 34- 
week-old C3H males, averaging 39 gm. in body 
weight, were tested. The mice of one group were 
given and consumed 3.4 gm. of chow mash daily. 
The second group was fed ration SP-2 and was 
kept at a mean body weight approximately equal 
to that of the first group by giving them 3.2 gm. 
of food daily. Mice of both groups lost an average 
of about 2 gm. and then maintained these weights 


recrystallized rutin and 3 mg. of ascorbic acid, 
and (c) SP-2 with dried aqueous extract of liver 
(Wilson Laboratories 1:20 Liver Powder-Liver 
Concentrate, N.F.) equal to 5 per cent of the diet 
replacing the same amount of cornstarch. The 
diets were fed and consumed at a level of 3.4 
gm /mouse daily. At the age of 67 weeks, when the 
surviving mice were sacrificed, the proportions 
with hepatomas were identical in the three groups 
(Table 3). Obviously, the supplements utilized 
did not inhibit the formation of tumors, and the 
experiment offers no clue to the factor responsible 
for the differential action of the two diet types. 


INDUCED SKIN TUMORS 


The relative influence of natural and semipuri- 
fied diets on the formation of carcinogen-induced 
skin tumors was investigated in the following two 
experiments (Table 4). 
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Experiment 5.—Two groups of 88 strain DBA 
male mice, 15 weeks old and averaging 26 gm. in 
body weight, were utilized. One was continued 
on the stock diet of Purina Laboratory Chow 
checkers, the other was transferred to semipurified 
ration SP-1. Two weeks later the mice of both 


TABLE 3 


ATTEMPTS TO MODIFY THE INFLUENCE OF A SEMI- 
PURIFIED DIET ON FORMATION OF HEPA- 
TOMAS IN DBA MALE MICE 


Incidence Diameter 


Body of of hepa- 
weight tf No. hepatomas tomas§ 
Supplement* (gm.) micet (percent) (mm.) 
None $3.7 7.6 
20 (3-16) 
10 mg. rutin plus 3 32.6 45 20 8.5 
mg. ascorbic acid (25-42) (3-13) 
5 percent liver powder 32.0 AA 20 5.9 
(Wilson 1: 20) (26-40) (3-12) 


* The basic ration in all groups was the semipurified diet, SP-2. 


t General body weight 10-14 months of age: group means and, in brack- 
ets, range of individual values. 


t Number of mice alive when experiment was terminated. Mice were 67 
weeks old. 


§ Group means and, in brackets, range of individual values. 


76 carcinoma-bearing animals in the group fed 
checkers. 

Balanced against the apparent validity of these 
findings are a few points that caution reservation. 
Among the animals on the semipurified ration, as 
many as one-third of the tumors degenerated into 
ulcers; early in their development they appeared 
grossly to be neoplastic and proved so on histo- 
logic study. Moreover, in half the 22 animals 
without tumors, 3- to 12-mm. ulcers were present 
in the interscapular area (the site of tumor de- 
velopment); clinical history and microscopic exam- 
ination indicated that these were not neoplastic. 
Perhaps these denuded areas precluded the induc- 
tion of tumors and thus were a source of bias in 
the tabulated results. Ulcerating degeneration of 
neoplasms and occurrence of non-neoplastic ulcers 
were entirely absent among the mice on the natural 
diet. 

Experiment 6.—An attempt was made, in this 
study, to avoid the conditions of the preceding 
experiment which might have interfered with ob- 
taining a valid result. Diets possibly more com- 


TABLE 4 


RELATIVE INFLUENCE OF NATURAL AND SEMIPURIFIED DIETS ON THE 
FORMATION OF INDUCED SKIN TUMORS IN MICE 


No. MICE 

Bopy MEAN TIME OF FREE OF TUMORS: 

WEIGHT MICE DEVELOPING APPEARANCE dying dur- alive at 

Exp. LEVEL SKIN TUMORS OF TuMOoRS{ ing experi- end of ex- 

NO. Diets . No. MICE* (gm.)T No Per cent (weeks) ment periment 
5§ Checkers 84 30 83 98 28 .5+0.48 5 0 
SP-1 85 32 66 78 30.4+0.60 14 8 
6# Chow mash 46 36 38 83 $2.021.2 5 7 
SP-2 47 36 35 74 $8.123.3 4 ll 


* Number of mice adjusted for deaths of nontumor animals during experiment (3). 
t Means of the average individual body weights of the animals without carcinoma during the principal course of the experiment. 


t Time in weeks after Ist application of carcinogen. 


§ Diet differences maintained from 2 weeks preceding the first of twelve weekly applications of methylcholanthrene until the conclusion of the 


experiment. 


# All mice received the chow mash diet during treatment with benzpyrene (16 semiweekly applications). The diet differences were instituted 
10 days after completion of carcinogen treatment and continued until termination of the experiment 53 weeks after the initial application. 


groups were given the first of twelve weekly ap- 
plications of a 0.3 per cent solution of methylcho- 
lanthrene in acetone. Each application consisted 
of a single drop (from a dropping pipette) to the 
interscapular area. The first skin tumor appeared 
15 weeks, and the last 44 weeks, after the initial 
treatment with carcinogen. The experiment was 
concluded at the 48th week. In contrast to the re- 
sults with hepatomas, it appears that the forma- 
tion of skin tumors was relatively retarded in the 
mice on the semipurified diet (Table 4). The de- 
crease in incidence and delay in mean time of ap- 
pearance of tumors is statistically significant. 
Furthermore, in the mice on ration SP-1, grossly 
visible metastases to the lungs were found in only 
two of 58 bearing carcinomas, in contrast to 22 of 


parable were utilized, and differential action upon 
and injury to the skin were avoided. One hundred 
DBA male mice, 10 weeks old and 24 gm. in 
average body weight, were placed on the chow 
mash diet and given sixteen semiweekly applica- 
tions of a 0.2 per cent solution of benzpyrene in 
acetone. Ten days after the final treatment with 
carcinogen, they were divided by a randomization 
procedure into two equivalent groups of 50 ani- 
mals. One continued to receive chow mash, the 
other was fed semipurified ration SP-2. Thus, the 
animals ingested identical diets during the period 
of treatment with carcinogen, and any differential 
action of the two diet types operated only during 
the interval of tumor appearance—the so-called 
developmental stage (9). 
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The mice of the group given chow mash 
voluntarily consumed an average of 3.8 gm/ 
mouse daily. Those fed SP-2 were restricted to an 
average daily ration of 3.5 gm. At no time during 
the course of the experiment did the mean body 
weights of the two groups differ by more than 
1 gm. 

The investigation proceeded smoothly, the gen- 
eral appearance and condition of the skins being 
excellent except for the development of tumors. 
These began to appear in both groups 21 weeks 
after the initial application of benzpyrene. The 
experiment was terminated at the 53d week. 

There were only small differences between the 
two groups in both the incidence and the mean 
time of appearance of skin tumors (Table 4), but 
these were in the same direction as was observed 
in Experiment 5: a slightly lower relative fre- 


both groups grossly visible lung metastases were 
found in about one-fourth of the animals with 
mammary tumors, and the average duration of 
life following appearance of a mammary tumor 
was about 11 weeks. 


LEUKEMIA 


In our colony of DBA mice, leukemia develops 
in approximately 7 per cent of the animals before 
they are 1 year of age. The disease is grossly char- 
acterized by a striking enlargement of one but 
generally more of the following: thymus, spleen, 
liver, kidneys, and deep and superficial lymph 
nodes. The white blood cell counts are markedly 
elevated. In the six experiments in which strain 
DBA mice were employed, the nature of the diet 
had no consistent influence on the relative fre- 
quency of these neoplasms. 


TABLE 5 


RELATIVE INFLUENCE OF NATURAL AND SEMIPURIFIED DIETS IN THE FORMATION OF 
SPONTANEOUS MAMMARY CARCINOMA IN STRAIN DBA FEMALE MICE 
(EXPERIMENT 7) 


MEAN AGE 
AGE (IN WEEKS) AT TUMOR No. ALIVE 
No. 50 60 70 80 90 96 APPEARANCE AND FREE OF 
Diet* MICET Per cent mice with mammary tumors (weeks) TUMORS 
Chow mash 62 2 10 16 29 45 56 77.0+2.42 22 
SP-2 66 8 17 26 38 59 64 72.8+2.38 18 


* The diets were instituted when the mice were 11 weeks old. 
t Initially there were 75 mice in each group. These were adjusted for deaths of nontumor animals during the ex- 


periment (3). 


quency and a small retardation in time of appear- 
ance of tumors in the animals ingesting the semi- 
purified diet. 


SPONTANEOUS MAMMARY CARCINOMA 


Experiment 7.—The relative effects of natural 
and semipurified diets on the development of this 
tumor type were investigated in only one experi- 
ment. 150 DBA strain females, 11 weeks old and 
21 gm. in average body weight, were divided into 
two equivalent groups. One group was fed chow 
mash and the other, diet SP-2.1 The former 
voluntarily ingested an average of 3.1 gm/mouse/ 
day; the mice given the semipurified diet were re- 
stricted to an average daily intake of 2.9 gm. The 
groups maintained equivalent mean body weights 
which ranged between 32 and 33 gm. during the 
second year of the experiment. The resulting inci- 
dence of spontaneous mammary carcinoma and 
the mean age at which they appeared are given in 
Table 5. There was a small enhancement of tumor 
formation in the mice on the semipurified diet, but 
the differences are not statistically significant. In 


1 The vitamin supplement for these mice also supplied 0.1 
ug. of vitamin By: daily, in addition to the others listed. 


DISCUSSION 


The results of the present experiments confirm 
our earlier observations that, among mice ingest- 
ing semipurified diets, the incidence of spontane- 
ous benign tumors of the liver is considerably 
greater than among animals consuming diets com- 
posed mainly of natural foodstuffs. The genesis of 
skin tumors induced by methylcholanthrene or 
benzpyrene is certainly not affected in the same 
way. Actually, there may be some relative in- 
hibition of these neoplasms by a semipurified diet, 
but the rather small differences observed in the 
present study do not firmly establish a differential 
effect between the two diet types. In this connec- 
tion, Boutwell, Brush, and Rusch found about the 
same incidence of carcinogen-induced skin cancer 
in mice on a natural diet of wheat, milk powder, 
and salt, as in mice on a semipurified diet (2). The 
formation of spontaneous mammary carcinoma 
may be slightly enhanced by a semipurified diet, 
although again the differences observed were not 
of appreciable magnitude. Fenton, Cowgill, and 
Stone reported, for strain A females on semipuri- 
fied diets, a small acceleration in time of appear- 
ance of mammary carcinoma as compared to that 
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in animals fed Purina Laboratory Chow checkers 
(6). The incidental observations on the occurrence 
of spontaneous leukemia indicate that the genesis 
of this tumor type is probably independent of 
whether the diet is constructed of natural or 
semipurified components. 

That a particular experimental procedure has 
diverse influences, depending on the tumor type 
studied, is not an unusual finding. With regard to 
the effects of semipurified as compared to natural 
diets, the genesis of the spontaneous hepatoma was 
strikingly enhanced; that of the spontaneous 
mammary carcinoma possibly enhanced; that of 
the carcinogen-induced skin tumor possibly inhib- 
ited; and that of the spontaneous leukemia un- 
affected. Here again, as with variations in dietary 
protein and caloric intake (10-12), the hepatic 
tumor responded more readily than neoplasms of 
other tissues. This is further evidence for the view 
that the liver may be more sensitive than other 
tissues to the nutritional alterations influencing 
tumor formation. 

Engel and Copeland have recently reported an- 
other instance of the differential influence of the 
two diet types (5). In a study of various tumors 
induced in rats by the feeding of the carcinogen 
2-acetylaminofluorene, they found that the rate of 
appearance and incidence of mammary carcinoma 
was considerably greater in animals ingesting 
semipurified diets than in those fed various stock 
diets; a smaller enhancing effect was noted for liver 
and ear duct tumors, but apparently the produc- 
tion of all three types of neoplasms was modified 
in the same direction. That all three kinds of 
tumors responded similarly may be less the result 
of effects upon the tissues of the host or the car- 
cinogenic process than a consequence of diverse 
action of the two diet types on the carcinogen 
itself—that is, the production of different tissue 
dosages of carcinogen. These concepts are dis- 
cussed more fully in a recent review (12). 

Returning to our results with the spontaneous 
hepatoma, it seems that their increased fre- 
quency in mice fed semipurified diets cannot be at- 
tributed to a relative deficiency of any of the 
known factors necessary for growth and reproduc- 
tion; these were amply supplied in diets such as 
SP-2 and SP-2 containing 5 per cent aqueous ex- 
tract of mammalian liver. Our present experience 
does not support any statement as to mechanism 
beyond this purely negative conclusion. Collateral 
observations and analytical determinations have 
shown that the livers of mice on semipurified diets 
are larger and paler and contain more fat than 
those of controls fed natural diets. These and other 
findings relating to body structure and function 


will be reported elsewhere. It may be stated here, 
however, that they do not elucidate the factors 
responsible for the differential development of 
certain tumors in mice consuming natural and 
semipurified diets. The problem awaits further 
exploration. 


SUMMARY 

The present studies concerned the relative influ- 
ences of natural and semipurified diets on the 
genesis of tumors in mice. The natural diets were 
either a commercial food alone or mixed with milk 
powder, cornstarch, fat, and brewers yeast. The 
semipurified rations consisted mainly of casein, 
cornstarch, partially hydrogenated cottonseed oil, 
a salt mixture, and supplements of vitamins. 

The genesis of the spontaneous benign hepa- 
toma in strains DBA and C3H mice was notably 
enhanced in animals fed the semipurified rations. 
This effect was not a consequence of obvious dif- 
ferences in caloric intake or body weight, or in 
the proportions of protein, fat, vitamins, and 
minerals in the diets. In experiments with the 
spontaneous mammary carcinoma and the car- 
cinogen-induced skin tumor only small effects were 
obtained. 
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The Incidence of Spontaneous Hepatomas in C3H, C3H (Low 
Milk Factor), and CBA Mice and the Effect of Estrogen 


and Androgen on the Occurrence of These Tumors in C3H 


Mice" 


L. R. C. AGNEwT AND W. U. GarRDNER 


(Department of Anatomy, Yale University School of Medicine, New Haven, Conn.) 


Andervont (2) has recently reviewed the litera- 
ture on the occurrence of spontaneous hepatomas 
in C3H and CBA mice. It is now well established 
(1, 3, 6, 10, 13, 14) that mice of these strains may 
develop spontaneous hepatomas and that these 
tumors most commonly arise in older mice, 1.e., 
those more than 1 year old. Furthermore, many 
previous studies (2, 4-7, 9, 10) on C3H and CBA 
mice have indicated that spontaneous hepatomas 
occur more often in males than in females; con- 
versely, Andervont (2) has reported that there was 
a lower incidence of these tumors in castrated C3H 
males than in intact litter-mates. 

The relationship between hormonal stimulation 
and the development of spontaneous hepatomas in 
mice has also received attention. Shimkin and 
Wyman (12) decreased the incidence of spontane- 
ous hepatomas in C3H males by giving estrogen. 
However, Burns and Schenken (4) and Schenken 
and Burns (11) found that estrogens increased the 
incidence of these tumors in C3H males and de- 
creased the incidence in C3H females; and, of 48 
C3H males and females treated with testosterone 
propionate, only one female developed a hepa- 
toma. Again, although Miller and Pybus (8) de- 
creased the incidence of hepatomas in castrate 
CBA males by giving estrogen, they also reported 
(10) that there was no diminution in the incidence 
of hepatomas in intact CBA males injected with 
estrone. Thus, as Andervont (2) has pointed out, 
“Tt is clear, as indicated by all these investigators, 
that further efforts along these lines are essential.”’ 

Nearly 15 years ago an equal sex distribution 
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of this tumor was reported (15) from this labora- 
tory, and Andervont (2) recently stated that this 
“represents the only claim, thus far, for an equal 


sex distribution of this tumor.”’ It seemed of inter- 


est, therefore, to compare the incidences of spon- 
taneous hepatomas according to sex in C3H, C3H 
(low milk factor), and CBA mice examined since 
that time, and also to present data concerning the 
possible effect of estrogen and androgen on the in- 
cidence of these tumors in C3H mice. 


MATERIALS AND METHODS 


The mice used in these experiments were reared and main- 
tained under suitable conditions in this laboratory. Ample 
food and water were always available. Fox chow was used until 
1948, and laboratory chow (Purina) thereafter; it is doubtful 
whether this relatively recent change in diet has significantly 
affected the result of these experiments. At autopsy, the 
presence of hepatomas in mice that had died or had been killed 
was usually determined by gross examination, as the appear- 
ance of a hepatoma is usually characteristic (2, 14). However, 
in doubtful cases and in a few characteristic cases, the suspect 
tissue was examined histologically. 

The incidence of spontaneous hepatomas was recorded for 
three groups of mice: 

Group 1: stock breeders.—Male and female C3H, C3H (low 
milk factor) and CBA mice that were at least 300 days old 
when killed or found dead constituted this group. The number 
of mice used of each strain and the sex are indicated in Table 1. 

Group 2: estrogen-injected.—Male and female mice of the 
C3H strain that had been injected weekly or fortnightly with 
varying amounts of estrogen (usually estradiol benzoate dis- 
solved in sesame oil) for varying periods and that were at least 
300 days old when killed or found dead made up this group. 
The number of mice used of each sex, the amount of estrogen 
given, and the duration of estrogen administration are indi- 
cated in Table 2. 

Group 3: androgen- and estrogen-injected.—Male and female 
mice of the C3H strain that had been injected weekly with 
varying amounts of testosterone propionate and estrogen 
(usually estradiol benzoate dissolved in sesame oil) for varying 
periods and that were at least 200 days old when killed or found 
dead were included in this group. This group had been set up 
for another purpose, but from the standpoint of the effect of 
these hormones on the occurrence of hepatoma, with one 
exception (see footnote to Table 3), enough testosterone was 
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TABLE 1 


gi 
INCIDENCE OF HEPATOMAS IN UNTREATED C3H (HIGH AND LOW MILK FACTOR th 
AND CBA MICE MORE THAN 300 DAYS OLD | ow 
INCIDENCE OF HEPATOMAS IN DIFFERENT AGE GROUPS No. OF HEPATOMAS/NO. OF MICE IN DIF- | ol 
No. AND Hepatomas/no. of mice FERENT AGE GROUPS a 
SEX OF (days) (Per cent incidence in parentheses) th 
STRAIN MICE 3800-400 401-500 501-600 601-700 701-800 >800 >300 >400 >600 | T 
CBA BrC 88" 0/9 1/21 4/20 6/23 1/9 3/6 15/88(17) 15/79(19) 10/38(26) 
929 1/29 0/20 0/15 1/10 3/15 0/3 5/92(5) 4/63(6) 4/28(14) 
3H BrC 
High Milk Factor 156¢7 1/33 1/41 7/52 5/27 1/2 0/1 15/156(10) 14/123(11) 6/30(20) 
“ 1929 0/113 1/51 0/15 0/11 0/2 1/192(0.5) 1/79(1) f 
C3H BrC , 
Low Milk Factor 800 1/19 1/18 3/33 0/9 0/1 5/80(6) 4/51(8) t 
21692 0/56 1/71 1/61 0/27 0/1 2/216(1) 2/160(1) h 
Total 824-324 3/259 5/222 15/196 12/107 5/30 3/10 1 
500 92 
! 
TABLE 2 t 
INCIDENCE OF SPONTANEOUS HEPATOMAS IN C3H MICE THAT HAD RECEIVED VARYING : 
AMOUNTS OF ESTROGEN AND THAT SURVIVED 300 DAYS OR MORE ' 
INCIDENCE OF HEPATOMAS IN DIF- ’ 
No. or FERENT AGE GROUPS ( 
No. AND MEAN DURATION OF HEPA TOMAS Hepatomas/no. of mice { 
SEX OF EsTROGEN TREATMENT IN WEEKS IN MICE (days) 
MICE (ug /WEEK) (range in parentheses) >300 Days OLD 300-400 401-500 601-600 >600 
120 1 74 (52-93) 3 0/1 1/1 1/4 1/6 , 
120 $.3 76 (37-114) 1 0/3 0/3 1/1 0/5 
100 8.3 48 (39-64) 0/7 0/2 0/1 
ites 10 58 (37-76) 0/3 0/7 0/6 | 
30 16.6 41 (32-48) 0/3 
27 25 53 (38-74) 0/13 0/12 0/2 
42 (32-58) 0/3 0/1 
39 $3.3 69 (61-85) 0/2 0/1 
19 8.3 34 0/1 
49 16.6 36 (32-48) 0/4 
39 53.3 42 (39-43) 0/3 
Total 840 56 (32-1 14) 4c 0/33 1/25 2/15 1/11 
119 45 (32-85) 09 0/8 0/2 0/1 
TABLE 83 


INCIDENCE OF HEPATOMAS IN C3H MICE THAT HAD RECEIVED VARYING AMOUNTS 


OF BOTH ESTROGEN AND ANDROGEN AND THAT 


HAD SURVIVED 200 DAYS OR MORE 


AMOUNT OF AMOUNT OF 
ESTROGEN TESTOSTERONE No. or 
WEEKLY WEEKLY HEPATOMAS IN MICE 
(uG.) (MaG.) >200 pAYs OLD 
16.6 0 .625* 1 
“ “ 
16.6 1.0 Q 
“ “ Q 
$$ .$ 
16.6 1.0 for 12 wks. 1 
1.25 
1.25 for 10 wks. 
33.3 
16.6 2.5 1 
33 .3 2.0 1 
« 
29 


* Testosterone not physiologically dominant at this dose level. 


INCIDENCE OF HEPATOMAS 
IN DIFFERENT AGE GROUPS 
Hepatomas/no. of mice 


(days) 
200-400 401-600 601-800 
0/1 1/6 
0/1 0/3 
0/10 2/3 0/2 
0/2 0/1 2/2 
0/1 
0/6 0/5 
0/4 1/13 0/1 
0/12 0/22 0/1 
0/4 2/14 
0/2 
0/1 
0/3 1/2 
0/11 0/5 
0/1 1/3 
0/1 
0/26 8/41 0/3 
0/34 0/36 2/3 
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given to nullify the effect of the relatively small dose of estrogen 
that was given simultaneously. Usually the injections started 
when the ages of the mice ranged from 35-66 days, though in 
one instance they were started as early as the 24th day and in 
another as late as the 114th day. The number of mice used at 
the amounts of androgen and estrogen given are shown in 


Table 3. 
RESULTS 
Group 1 


Stock breeders, C3H strain.—Hepatomas were 
found in fifteen of 156 (10 per cent) male mice 
that survived at least 300 days (Table 1). Only one 
hepatoma, however, was observed in a group of 
192 females that had survived 300 days or longer. 
A breakdown of these figures (Table 1) showed 
that the percentage of hepatomas (No. of mice 
with tumors/No. of mice, 100) tended to rise 
with increasing age. For all male C3H mice sur- 
viving at least 300 days, the incidence was 10 per 
cent. In the group surviving 400 days or longer, 
the incidence was 11 per cent; while six of 30 
males (20 per cent) in the group surviving >600 
days had hepatomas. The solitary tumor observed 
in the females gave an incidence of 0.5 per cent in 
the group of 192 that were at least 300 days old 
and a 1 per cent incidence for the 79 that were 
>400 days; no hepatomas were observed in the 
>600-day category. The marked sex difference in 
incidence of these hepatomas is shown graphically 
in Chart 1. 

C3H (Low milk factor). stran.—Here again, a sex 
difference was observed (Table 1). Five of 80 (6 
per cent) males that survived at least 300 days had 
hepatomas, but only two of 216 (1 per cent) fe- 
males in the same age group. Although no hepa- 
tomas occurred in males or females in the >600- 
day category, the tendency toward a higher tumor 
incidence with increasing age was again observed, 
but only in males; four of 51 (8 per cent) males in 
the >400-day category had hepatomas. Chart 1 
indicates graphically the sex difference in occur- 
rence of hepatomas and the tendency of increasing 
age to favor a high tumor incidence in the males of 
this group. 

CBA strain.—These results (Table 1) were simi- 
lar to those found in Groups 1 and 2—a pre- 
dominantly male sex incidence of spontaneous 
hepatomas and a tendency for more tumors to 
arise in the older animals. Hepatomas were ob- 
served in fifteen of 88 (17 per cent) of the male 
mice that survived at least 300 days but in only 
five of 92 (5 per cent) comparable females. 
Fifteen of 79 (19 per cent) males in the >400-day 
category had tumors, compared to four of 63 (6 per 
cent) females.in the same age group; and in the 
> 600-day category, hepatomas were found in ten 
of 38 (26 per cent) males and in four of 28 (14 per 


cent) females. These results are indicated graphi- 
cally in Chart 1. | 
Group 2 

Estrogen-injected C3H mice.—The results are 
summarized in Table 2. Four hepatomas were ob- 
served in 56 male mice, 300 or more days old, that 
had received amounts of estrogen varying from 
1 ug. to 33.3 ug. per week. These tumors, however, 
only occurred at dosage levels of 1 wg. and 3.3 ug. 
per week; no hepatomas were found in ten male 
mice that had received 8.3 ug. per week, in sixteen 
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Cuart 1.—Per cent incidence of hepatomas in untreated 
C3H, C3H (low milk factor) (designated BL in Chart), and 
CBA mice after 300, 400, and 600 days. 


at 10 ug. per week, in three at 16.6 ug. per week, in 
27 at 25 wg. per week, or in four at 33.3 ug. per 
week. No hepatomas were seen in eleven females 
that had received amounts of estrogen ranging 
from 3.3 ug. to 33.3 ug. per week for varying 


periods. 
Group 3 


Androgen- and estrogen-injected C3H mice.—The 
results are summarized in Table 3. As mentioned 
above, although both androgen and estrogen were 
injected, the amount of testosterone injected was 
physiologically dominant, except, perhaps, at the 
0.625 mg/week level. Eight of 70 (11 per cent) 
males receiving varying amounts (Table 3) of 
these hormones developed hepatomas. Two of 73 
(3 per cent) similarly treated females also had 
hepatomas; both animals belonged to a group of 
five that had been injected weekly with 16.6 ug. of 
estrogen and 1 mg. of testosterone. 
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DISCUSSION 

Hepatomas were more common in males than 
in females for all the strains (C3H, C3H [low milk 
factor], and CBA) observed (Table 1, Chart 1). 
This confirms the findings of several workers (2, 
4—7, 9, 10) who used C3H or CBA mice, and of 
Andervont (2) who also studied C3H (low milk 
factor) mice. Why hepatomas previously (15) de- 
veloped “‘at approximately equal rates” in our 
male and female CBA mice and now show a 
marked preference for the male is not known. The 
original paper was based on the first hepatomas, 42 
in all, observed in CBA mice in this laboratory; 
factors such as the age of the mice under observa- 
tion and the total number of mice of each sex used 
may have influenced the results obtained. 

In the present series of experiments no hepa- 
tomas were seen in mice under 300 days old, the 
youngest mouse with a histologically proved hepa- 
toma being a female CBA, 302 days old. Except in 
Group 3 (androgen- and estrogen-injected) where 
the base-line was lowered to 200 days, only mice 
300 or more days old were used in this study, as it 
would be misleading, for assessing the incidence 
of hepatomas, to include mice too young to de- 
velop such tumors. Generally, more hepatomas oc- 
curred in older mice, especially those in the >500- 
day category, and the percentage of incidence of 
these tumors tended to increase with age (Table 1 
and Chart 1); only the females of strains C3H and 
C3H (low milk factor) failed to show this trend. 

The presence or absence of the milk factor did 
not appear to affect significantly the occurrence 
of hepatomas in C3H mice. Fifteen of 156 (10 per 
cent) male C3H mice developed hepatomas, com- 
pared to five of 80 (6 per cent) male C3H (low milk 
factor) mice; and one of 192 (0.5 per cent) female 
C3H mice had tumors, compared to two of 216 (1 
per cent) female C3H (low milk factor) mice. Fail- 
ure of sufficient numbers of C3H females to reach 
the “hepatoma age” because of deaths due to 
mammary carcinoma is thus unlikely to be respon- 
sible for the low incidence of spontaneous hepato- 
mas in these mice. Andervont has also reported (2) 
that the presence of the milk factor is not essential 
for the development of hepatomas in C3H mice. 
However, we observed fewer hepatomas in our 
C3H and C3H (low milk factor) mice than he did 
in his colony. He reported (2) 42 hepatomas in a 
series of 362 female C3H (without milk factor) 
mice and nine hepatomas in another series of 179 
similar mice; for female C3H (with milk factor) 
mice he reported (1) an incidence of 11.7 per cent. 
In one series of male C3H (without milk factor) 
breeders he found (2) hepatomas in fourteen of 
seventeen. Again, in another paper (3), he re- 


corded that, of 141 female C3H (with milk factor) 
mice over 1 year of age, 9.93 per cent developed 
hepatomas; and, of 320 similar males, 26.87 per 
cent had such tumors. 

Studies on the effect of estrogen and androgen 
on the development of hepatomas (Tables 2 and 
3) indicate that these hormones may modify the 
incidence of these tumors in male and female C3H 
mice. The results summarized in Table 2 suggest 
that estrogen in sufficient dosage can prevent or at 
least modify the occurrence of hepatomas in male 
C3H mice, as hepatomas were only found in males 
that had received very small doses of estrogen 
(1 ug. or 3.3 wg. per week) and did not occur in ten 
mice that had received 8.3 wg. per week, in six- 
teen at 10 ug. per week, in three at 16 wg. per 
week, in 27 at 25 wg. per week, or in four at 33.3 
ug. per week. However, 10 ug. per week of estro- 
gen, although apparently able to prevent the oc- 
currence of hepatomas in our C3H males, may not 
be enough for male mice of other strains; for ex- 
ample, two hepatomas were observed in a group of 
seven CBA males that had received 10 ug. of estro- 
gen per week for a mean period of 58 weeks. Both 
these mice were in the 500-600-day category when 
examined. 

The results of the administration of testoster- 
one to female C3H mice were less convincing 
(Table 3). Only two hepatomas were found in a 
group of 73 females, both animals belonging to a 
group of five that had been given weekly injec- 
tions of 16.6 ug. estrogen and 1 mg. of testoster- 
one; as mentioned above, the testosterone was 
physiologically dominant at this dose level. As the 
incidence of hepatomas in these 73 C3H females 
was 2.7 per cent compared to 0.5 in the group of 
192 stock C3H females (Table 1), we believe that 
the results are at least suggestive that testosterone 
may increase the incidence of hepatomas in female 
C3H mice; certainly, further work with larger 
numbers of animals would seem justifiable. 


SUMMARY 


Hepatomas were observed in male and female 
mice >300 days old of strains C3H, C3H (low 
milk factor, and CBA, and occurred more often in 
males than in females. The percentage incidence of 
hepatomas tended to rise with the age of the mice, 
except in female C3H and C3H (low milk factor) 
mice. 

Estrogen appeared to prevent the occurrence of 
hepatomas in male C3H mice if 8.3 ug. or more of 
estrogen was injected weekly for long periods. 
Conversely, injection of female C3H mice with 
testosterone seemed to increase their susceptibility 
to development of spontaneous hepatomas. 
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Attention of readers interested in carcinogenic agents 
is drawn to the March issue of the A.M.A. Archives of 
Industrial Hygiene and Occupational Medicine (Vol. 5, 
No. 3), which contains a series of sixteen papers on occu- 
pational and environmental factors in cancer. The pa- 
pers are records of lectures presented during the past 4 
years at meetings of the Cancer Prevention Committee. 
The subjects discussed are as follows: 


1. Purpose and Program of the Cancer Prevention 
Committee. William E. Smith, M.D., New York. 

2. Trends in Cancer Mortality. E. Cuyler Hammond, 
Se.D., New York. 

8. Lung Cancer in the Chromate Industry. Frederick 
Gregorius, M.D., New York. 

4. Use of Life Insurance Company Records for Cancer 
Studies. E. A. Lew, A.M., F.S.A., New York. 

5. Occupational Cancer Hazards in American Indus- 
tries. W. C. Hueper, M.D., Bethesda, Md. 

6. Lung Cancer with Special Reference to Experimen- 
tal Aspects. William E. Smith, M.D., New York. 

7. Studies on Lung Cancer in Relation to Smoking. 
Ernest L. Wynder, M.D., New York. 

8. Industrial Exposure to Chromates in New York 
State. Herbert S. Dankman, New York. 


Announcement 


9. Use of the Cytologic Method in Industrial Medi- 
cine, with Special Reference to Tumors of the Lung 
and the Bladder. Henry A. Cromwell, M.D., and 
George N. Papanicolaou, M.D., New York. 

10. Bladder Lesions from Aromatic Amines: Statistical 
Considerations and Prevention. Mario Barsotti and 
Enrico C. Vigliani, Milan, Italy, translated by 
Louis J. Sciarini, Ph.D., New Haven, Conn. 

11. Survey of Some Current British and European 
Studies of Occupational Tumor Problems. William 
KE. Smith, M.D., New York. 

12. Chemical Causes of Occupational Cancers: Aro- 
matic Amines Acting on the Bladder. René Tru- 
haut, Paris, France, translated by Rosamond de 
St. Phalle. 

13. Workmen’s Compensation Insurance as a Source of 
Data on Tumors in Relation to Occupation. R. N. 
Gray, M.D., Hartford, Conn. 

14. The Program of the New York State Occupational 
Cancer Committee. May R. Mayers, M.D., New 
York. 

15. The New Jersey Occupational Cancer Survey. Ed- 
win D. Merrill, M.D., Milford, N.J. 

16. Comments on Occupational Cancer Surveys in the 


United States. W. C. Hueper, M.D., Bethesda, Md. 


Book Reviews. 


Gottingen Grundlagen der Strahlentherapie Physik, 
Biologie und allgemeine Therapie XVI. By Pror. Dr. 
R. K. Kepp. In German. Stuttgart, Germany: 
Thieme Verlag, 1952. Pp. 356. Ganzleinen DM. 
38.00. 


This book was written as an introduction to the field 
of radiation therapy for medical students, interns, resi- 
dents, and general practitioners. The first part of the 
book deals with the theoretical principles of x-rays, 
radium, their origins and properties. There is included a 
chapter dealing with the fundamental aspects of new 
types of rays discovered by the nuclear physicists dur- 
ing the past few years. 

The second part of the book deals with the general 


biological actions of different kinds of rays on the 
human body as well as with their therapeutic effects on 
tumors. Because of the author’s special interest in 
gynecology, this aspect of radiation therapy is empha- 
sized. 

This monograph is unusually clear and well written 
and is highly recommended for an introduction in that 
field of cancer therapy for all who have a reading knowl- 
edge of German. It should be pointed out that the list 
of up-to-date references includes 951 items which deal 
directly or are closely related to this problem. 


HANNS ScHMITZ 
McArdle Memorial Laboratory 


University of Wisconsin 


= 
4 
Hise 
f 
at 
an 
- 
reve 
j 
4 
: 
‘ 
= t 
att 
. 
0% 
ty 
| 
ae 
key 
ts 
hare 
i$ 
any 
Sop 
is? 
4 
ee 
B 
| 
| 
| 
ved 


